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SMART-HOME PROXY DEVICES WITH
LONG-POLLING

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 14/720,578, filed May 22, 2015.

U.S. application Ser. No. 14/720,578 1s a continuation of
U.S. application Ser. No. 13/466,813, filed May 8, 2012,
now U.S. Pat. No. 9,046,898. U.S. application Ser. No.
13/466,815 claims the benefit of 61/627,996, filed Oct. 21,
2011. U.S. application Ser. No. 13/466,815 1s also a con-
tinuation-in-part of the following commonly-assigned appli-
cations: U.S. patent application Ser. No. 13/275,307, filed
Oct. 17, 2011, now U.S. Pat. No. 9,098,279; U.S. patent
application Ser. No. 13/267,871, filed Oct. 6, 2011, now U.S.
Pat. No. 9,261,287; PCT Application No. PCT/US11/61437,
filed Nov. 18, 2011; U.S. patent application Ser. No. 13/267,
877, filed Oct. 6, 2011, now U.S. Pat. No. 9,026,254; U.S.
application Ser. No. 13/034,674, filed Feb. 24, 2011, now
U.S. Pat. No. 9,605,858; and U.S. application Ser. No.
13/034,678, filed Feb. 24, 2011, now U.S. Pat. No. 8,732,
771. U.S. patent application Ser. No. 13/267,871 claims the
benetit of U.S. Patent Application No. 61/429,093, filed Dec.
31, 2010 and U.S. Patent Application No. 61/415,771, filed
Nov. 19, 2010. U.S. patent application Ser. No. 13/267,877
claims the benefit of U.S. Patent Application No. 61/429,093
and U.S. Patent Application No. 61/415,771. U.S. patent
application Ser. No. 13/034,674 claims the benefit of U.S.
Patent Application No. 61/429,093 and U.S. Patent Appli-
cation No. 61/415,771. U.S. patent application Ser. No.
13/034,6'78 claims the benefit of U.S. Patent Application No.
61/429,093 and U.S. Patent Application No. 61/415,771.

Each of the above-listed applications i1s hereby incorpo-
rated by reference 1n their entireties.

TECHNICAL FIELD

This patent specification relates to system monitoring and
control for property and/or environmental control systems.
More particularly, this patent specification relates to systems
and methods for using a network enabled, battery powered
thermostat to monitor and control an HVAC system while
conserving the use of energy.

BACKGROUND OF THE INVENTION

Substantial eflort and attention continue toward the devel-
opment of newer and more sustainable energy supplies. The
conservation ol energy by increased energy efliciency
remains crucial to the world’s energy future. According to an
October 2010 report from the U.S. Department of Energy,
heating and cooling account for 56% of the energy use 1n a
typical U.S. home, making 1t the largest energy expense for
most homes. Along with improvements 1n the physical plant
associated with home heating and cooling (e.g., improved
insulation, higher efliciency furnaces), substantial increases
in energy eiliciency can be achieved by better control and
regulation of home heating and cooling equipment.

As 1s known, for example as discussed in the technical
publication No. 50-8433, enfitled “Power Stealing Thermo-
stats” from Honeywell (1997), early thermostats used a
bimetallic strip to sense temperature and respond to tem-
perature changes 1n the room. The movement of the bime-
tallic strip was used to directly open and close an electrical

circuit. Power was delivered to an electromechanical actua-
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tor, usually relay or contactor in the HVAC equipment
whenever the contact was closed to provide heating and/or
cooling to the controlled space. Since these thermostats did
not require electrical power to operate, the wiring connec-
tions were very simple. Only one wire connected to the
transformer and another wire connected to the load. Typi-
cally, a 24 VAC power supply transformer, the thermostat,
and 24 VAC HVAC equipment relay were all connected 1n
a loop with each device having only two external connec-
tions required.

When electronics began to be used 1n thermostats the fact
that the thermostat was not directly wired to both sides of the
transformer for its power source created a problem. This
meant either the thermostat had to have 1ts own independent
power source, such as a battery, or be hardwired directly
from the system transformer. Direct hardwiring a “common”™
wire from the transformer to the electronic thermostat may
be very diflicult and costly. However, there are also disad-
vantages to using a battery for providing the operating
power. One primary disadvantage 1s the need to continually
check and replace the battery. If the battery i1s not properly
replaced and cannot provide adequate power, the electronic
thermostat may fail during a period of extreme environmen-
tal conditions.

Because many households do not have a direct wire from
the system transformer (such as a “common” wire), some
thermostats have been designed to derive power from the
transformer through the equipment load. The method for
powering an electronic thermostat from the transformer with
a single direct wire connection to the transformer 1s called
“power stealing” or “power sharing.” The thermostat
“steals,” “shares” or “harvests” 1ts power during the “OFF”
periods of the heating or cooling system by allowing a small
amount of current to flow through it into the load coil below
its response threshold (even at maximum transformer output
voltage). During the “ON” periods of the heating or cooling
system the thermostat draws power by allowing a small
voltage drop across itself. Ideally, the voltage drop will not
cause the load coil to dropout below 1ts response threshold
(even at minimum transformer output voltage). Examples of

thermostats with power stealing capability include the Hon-
eywell T8600, Honeywell T8400C, and the E

Emerson Model
1F97-0671. However, these systems do not have power
storage means and therefore must always rely on power
stealing or must use disposable batteries.

Additionally, microprocessor controlled “intelligent”
thermostats may have more advanced environmental control
capabilities that can save energy while also keeping occu-
pants comiortable. To do this, these thermostats require
more information from the occupants as well as the envi-
ronments where the thermostats are located. These thermo-
stats may also be capable of connection to computer net-
works, including both local area networks (or other “private”™
networks) and wide area networks such as the Internet (or
other “public” networks), in order to obtain current and
forecasted outside weather data, cooperate 1n so-called
demand-response programs (e.g., automatic conformance
with power alerts that may be 1ssued by utility companies
during periods of extreme weather), enable users to have
remote access and/or control thereof through their network-
connected device (e.g., smartphone, tablet computer, PC-
based web browser), and other advanced functionalities that
may require network connectivity.

Issues arise in relation to providing microprocessor-con-
trolled, network-connected thermostats, one or more such
1ssues being at least partially resolved by one or more of the
embodiments described herein below. On the one hand, it 1s
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desirable to provide a thermostat having advanced function-
alities such as those associated with relatively powertul

microprocessors and reliable wireless communications
chips, while also providing a thermostat that has an attrac-
tive, visually pleasing electronic display that users will find
appealing to behold and interact with. On the other hand, 1t
1s desirable to provide a thermostat that 1s compatible and
adaptable for 1nstallation 1n a wide variety of homes, includ-
ing a substantial percentage of homes that are not equipped
with the “common™ wire discussed above. It 1s still further
desirable to provide such a thermostat that accommodates
casy do-1t-yourself 1nstallation such that the expense and
inconvenience ol arranging for an HVAC technician to visit
the premises to install the thermostat can be avoided for a
large number of users. It 1s still further desirable to provide
a thermostat having such processing power, wireless com-
munications capabilities, visually pleasing display qualities,
and other advanced functionalities, while also being a ther-
mostat that, 1n addition to not requiring a “common’ wire,
likewise does not require to be plugged 1into household line
current or a so-called “power brick,” which can be 1ncon-
venient for the particular location of the thermostat as well
as unsightly.

BRIEF SUMMARY OF THE INVENTION

Described herein are advanced, multi-sensing, micropro-
cessor-controlled 1ntelligent or “learming” control units for
which one or more of the embodiments 1s particularly
suitable, the control units providing a rich combination of
processing capabilities, intuitive and visually pleasing user
interfaces, and network connectivity, while at the same time
not requiring a C-wire (or line power from a household
110V source such as a wall plug) even though the requisite
underlying control umit hardware can require greater instan-
taneous power than power-stealing can safely provide. The
described control unit achieves these goals at least by virtue
of the use of a rechargeable battery (or equivalently capable
onboard power storage medium) that may recharge during
time intervals in which the hardware power usage 1s less
than what power stealing can safely provide, and that wall
discharge to provide the needed extra electrical power
during time intervals 1in which the hardware power usage 1s
greater than what power stealing can safely provide. Pro-
vided according to one or more embodiments herein are
methods, systems and related architectures for facilitating
network communications between the control unit and a
cloud-based management server in a manner that promotes
reduced power usage and extended service life of the
rechargeable battery, while at the same time accomplishing,
timely data transier between the thermostat and the cloud-
based management for suitable and time-appropriate control
of a system.

According to one embodiment, a thermostat 1s presented.
The thermostat may include a plurality of heating, ventila-
tion, and air conditioning (HVAC) connectors, a recharge-
able battery, and a battery charging circuit configured to
charge the rechargeable battery at least in part by harvesting
power from an HVAC system through the plurality of HVAC
connectors without requiring a common wire. The thermo-
stat may also include a processor powered at least 1n part by
the rechargeable battery. In one embodiment, the processor
may be configured to operate 1mn a low-power state, and a
high-power state. The thermostat may further include a
wireless communication module operatively coupled to the
processor and configured to establish and maintain wireless
communications with a router, including receiving transmis-
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s1ons from the router; and process the transmissions from the
router by discriminating between a first type of transmission
and a second type of transmission. In one embodiment, the
first type of transmission may include keep-alive messages
associated with a communication channel between a remote
thermostat-controller server and the thermostat, and the
second type of transmission may include information asso-
ciated with controlling the HVAC system. The wireless
communication module may be further configured to, 1n
response to identifying a transmission of the second type
during a time period 1n which the processor 1s operating 1n
the low-power state, cause the processor to transition from
the low-power state to the high-power state, whereby the
processor can operate in the low-power state for an extended
period of time while a Natural Address Translation (NAT)
table entry in the router that 1s associated with the commu-
nication channel between the processor and the remote
thermostat-controller server remains maintained during said
extended period of time.

According to another embodiment, a method of control-
ling an environmental condition may be presented. The
method may include charging a power supply using a first
power harvested from an external power source; and pow-
ering a circuit with energy from the power supply. In one
embodiment, the circuit may be configured to operate 1n a
plurality of modes, and the plurality of modes may include
a low-power mode where the circuit uses less power than the
first power, and an operating mode where the circuit uses
more power than the first power. The method may also
include establishing one or more communication channels
with a server through a gateway; and communicating with
the server using a protocol. In one embodiment, the protocol
may include a time interval that represents a time that the
gateway 15 expected to maintain the one or more commu-
nication channels between transmissions; a first type of
transmission sent from the server at least 1n part to maintain
one of the one or more commumnication channels at the
gateway, and a second type of transmission comprising data
for controlling the environmental condition. The method
may additionally include discriminating between transmis-
sions of the first type and transmissions of the second type,
and 1n response to 1dentifying a transmission of the first type
during a time period 1n which the circuit 1s operating in the
low-power mode; allowing the circuit to continue operating
in the low-power mode. The method may further include, 1n
response to identifying a transmission of the second type
during a time period 1n which the circuit 1s operating in the
low-power mode, causing the circuit to transition from the
low-power mode to the operating mode, and initiating a
change in the environmental condition according to the
transmission of the second type.

According to yet another embodiment, a system {for
controlling one or more property functions may be pre-
sented. The system may include a power manager including,
a power-storage module configured to provide a first power;
and a power mput configured to provide energy to the
power-storage module by harvesting a second power from
an external source, wherein the second power 1s less than the
first power. The system may further include a processing
function configured to control the one or more property
functions and operate 1n a plurality of modes including a first
mode where the processing function uses a third power and
the third power 1s less than the second power, and a second
mode where the processing function uses a fourth power that
1s higher than the second power and not greater than the first
power. The system may additionally include a network-
communication module configured to establish one or more
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communication channels to a controller server through a
gateway; utilize a communication protocol with the control-
ler server, where the communication protocol may include a
time interval that represents a time that the gateway 1s
expected to maintain the one or more communication chan- >
nels between transmissions; receive a first transmission from
the controller server through the one or more communica-
tion channels while the processing function operates in the
first mode; determine that the first transmission was sent
from the controller server to maintain one of the one or more 10
communication channels, and that the first transmission does
not require the processing function to operate in the second
mode; receive a second transmission from the controller
server through the one or more communication channels,
wherein the second transmission includes information for 1°
controlling the one or more property functions; and cause
the processing function to operate in the second mode after
receiving the second transmission.

Many other embodiments, features, and aspects are dis-
closed further herein. 20

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates an environment in which an embodi-
ment of a controller may be used. 25
FI1G. 2 1llustrates a heating, ventilation, and air condition-

ing system.

FIGS. 3A-3B illustrate an embodiment of a controller.
FIGS. 4A-4C 1illustrate auto-switching connectors,
according to one embodiment. 30

FIG. § illustrates a sense circuit.

FIGS. 6 A-6C 1llustrate power-supply systems and circuits
according to one embodiment.

FI1G. 7 1llustrates thermostats and computers on a private
network connected to a cloud-based management server, 35
according to one embodiment.

FIGS. 8A-8B illustrate an embodiment of a cloud-based
management server and a power-supply level.

FIG. 9 illustrates a cloud-based management server that
both conserves energy and promotes high-performance 40
operation of thermostats in accordance with embodiments of
the present imvention.

FIGS. 10A-10B 1illustrate diagrams of the operations of a
thermostat communication server in accordance with some
embodiments. 45

FIG. 11A illustrates a commumnication protocol using
multiple channels according to one embodiment.

FIG. 11B-11D illustrate diagrams of the operations of a
thermostat communication protocol in accordance with
some embodiments. 50

FIG. 12A illustrates a block diagram of a thermostat
reporting group.

FIG. 12B illustrates a flowchart of a thermostat reporting,
group.

FIG. 13 illustrates a network communication module 55
selectively filtering messages sent from a server, according
to one embodiment.

FIG. 14 1llustrates a thermostat according to an embodi-

ment;
60

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The subject matter of this patent specification relates to
the subject matter of the following commonly assigned 65
applications, each of which 1s incorporated by reference

heremn: U.S. Ser. No. 12/881,430 filed Sep. 14, 2010; U.S.
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Ser. No. 12/881,463 filed Sep. 14, 2010; U.S. Prov. Ser. No.
61/415,771 filed Nov. 19, 2010; U.S. Prov. Ser. No. 61/429,
093 filed Dec. 31, 2010; U.S. Ser. No. 12/984,602 filed Jan.
4, 2011; U.S. Ser. No. 12/987,257 filed Jan. 10, 2011; U.S.
Ser. No. 13/033,573 filed Feb. 23, 2011; U.S. Ser. No.
29/386,021, filed Feb. 23, 2011; U.S. Ser. No. 13/034,666
filed Feb. 24, 2011; U.S. Ser. No. 13/034,674 filed Feb. 24,
2011; U.S. Ser. No. 13/034,678 filed Feb. 24, 2011; U.S. Ser.
No. 13/038,191 filed Mar. 1, 2011; U.S. Ser. No. 13/038,206
filed Mar. 1, 2011; U.S. Ser. No. 29/399,609 filed Aug. 16,
2011; U.S. Ser. No. 29/399,614 filed Aug. 16, 2011; U.S.
Ser. No. 29/399,617 filed Aug. 16, 2011; U.S. Ser. No.
29/399,618 filed Aug. 16, 2011; U.S. Ser. No. 29/399,621
filed Aug. 16, 2011; U.S. Ser. No. 29/399,623 filed Aug. 16,
2011; U.S. Ser. No. 29/399,625 filed Aug. 16, 2011; U.S.
Ser. No. 29/399,627 filed Aug. 16, 2011; U.S. Ser. No.
29/399,630 filed Aug. 16, 2011; U.S. Ser. No. 29/399,632
filed Aug. 16, 2011; U.S. Ser. No. 29/399,633 filed Aug. 16,
2011; U.S. Ser. No. 29/399,636 filed Aug. 16, 2011; U.S.
Ser. No. 29/399,637 filed Aug. 16, 2011; U.S. Ser. No.
13/199,108, filed Aug. 17, 2011; U.S. Ser. No. 13/267,871
filed Oct. 6, 2011; U.S. Ser. No. 13/267.877 filed Oct. 6,
2011; U.S. Ser. No. 13/269,501, filed Oct. 7, 2011; U.S. Ser.
No. 29/404,096 filed Oct. 14, 2011; U.S. Ser. No. 29/404,
097 filed Oct. 14, 2011; U.S. Ser. No. 29/404,098 filed Oct.
14, 2011; U.S. Ser. No. 29/404,099 filed Oct. 14, 2011; U.S.
Ser. No. 29/404,101 filed Oct. 14, 2011; U.S. Ser. No.
29/404,103 filed Oct. 14, 2011; U.S. Ser. No. 29/404,104
filed Oct. 14, 2011; U.S. Ser. No. 29/404,105 filed Oct. 14,
2011; U.S. Ser. No. 13/275,307 filed Oct. 17, 2011; U.S. Ser.
No. 13/275,311 filed Oct. 17, 2011; U.S. Ser. No. 13/317,
423 filed Oct. 17, 2011; U.S. Ser. No. 13/279,151 filed Oct.
21, 2011; U.S. Ser. No. 13/317,557 filed Oct. 21, 2011; U.S.
Prov. Ser. No. 61/627,996 filed Oct. 21, 2011; PCT/US11/
61339 filed Nov. 18, 2011; PCT/US11/61344 filed Nov. 18,
2011; PCT/US11/61365 filed Nov. 18, 2011; PCT/US11/
61379 filed Nov. 18, 2011; PCT/US11/61391 filed Nov. 18,
2011; PCT/US11/61479 filed Nov. 18, 2011; PCT/US11/
61457 filed Nov. 18, 2011; PCT/US11/61470 filed Nov. 18,
2011; PCT/US11/61339 filed Nov. 18, 2011; PCT/US11/
61491 filed Nov. 18, 2011; PCT/US11/61437 filed Nov. 18,
2011; PCT/US11/613503 filed Nov. 18, 2011; U.S. Ser. No.
13/342,136 filed Jan. 2, 2012; PCT/US12/00008 filed Jan. 3,
2012; PCT/US12/20088 filed Jan. 3, 2012; PCT/US12/
20026 filed Jan. 3, 2012; PCT/US12/00007 filed Jan. 3,
2012; U.S. Ser. No. 13/351,688 filed Jan. 17, 2012; U.S. Ser.
No. 13/356,762 filed Jan. 24, 2012; PCT/US12/30084 filed
Mar. 22, 2012; U.S. Ser. No. 13/434,573 filed Mar. 29, 2012;
U.S. Ser. No. 13/434,560 filed Mar. 29, 2012; U.S. Ser. No.
13/440,907 filed Apr. 5, 2012; and U.S. Ser. No. 13/440,910
filed Apr. 5, 2012. The above-referenced patent applications
are collectively referenced heremn as “the commonly
assigned incorporated applications.”

In the following detailed description, for purposes of
explanation, numerous specific details are set forth to pro-
vide a thorough understanding of the various embodiments
of the present invention. Those of ordinary skill in the art
will realize that these various embodiments of the present
invention are illustrative only and are not intended to be
limiting 1 any way. Other embodiments of the present
invention will readily suggest themselves to such skilled
persons having the benefit of this disclosure.

In addition, for clarity purposes, not all of the routine
features of the embodiments described herein are shown or
described. One of ordinary skill in the art would readily
appreciate that in the development of any such actual
embodiment, numerous embodiment-specific decisions may
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be required to achieve specific design objectives. These
design objectives will vary from one embodiment to another
and from one developer to another. Moreover, 1t will be
appreciated that such a development effort might be com-
plex and time-consuming but would nevertheless be a rou-
tine engineering undertaking for those of ordinary skill in
the art having the benefit of this disclosure.

It 1s to be appreciated that while one or more embodi-
ments are described further herein in the context of typical
HVAC system used 1n a residential home, such as single-
family residential home, the scope of the present teachings
1s not so limited. More generally, thermostats according to
one or more of the embodiments are applicable for a wide
variety of enclosures having one or more HVAC systems
including, without limitation, duplexes, townhomes, multi-
unit apartment buildings, hotels, retail stores, oflice build-
ings and industrial buildings. Further, 1t 1s to be appreciated
that while the terms user, customer, installer, homeowner,
occupant, guest, tenant, landlord, repair person, and the like
may be used to refer to the person or persons who are
interacting with the thermostat or other device or user
interface 1n the context of one or more scenarios described
herein, these references are by no means to be considered as
limiting the scope of the present teachings with respect to the
person or persons who are performing such actions.

In addition to controlling HVAC systems, the embodi-
ments described herein may also be used in the context of
controlling any function related to property. As used herein,
the term “property controller,” or commonly just “control-
ler” may encompass HVAC controllers, thermostats, and
many other types of controllers. For example, 1n addition to
controlling an HVAC system, a controller may be used to
control other property functions, such as sprinkler systems,
light systems, security systems, entertainment systems,
medical equipment, pet-care systems, emergency systems,
distributed sensor networks, transportation systems, food-
preservation systems, and/or any other type of system ame-
nable to automated or interactive control. According to one
embodiment, a property controller may be used to control an
environmental condition, such as temperature, humidity, air
flow, volume, and/or the like.

FIG. 1 1s a diagram 1llustrating an exemplary enclosure
using a thermostat 110 implemented 1n accordance with the
present invention for controlling one or more environmental
conditions. For example, enclosure 100 1llustrates a single-
tamily dwelling type of enclosure using a learning thermo-
stat 110 (also referred to for convenience as “thermostat
110”) for the control of heating and cooling provided by an
HVAC system 120. Alternate embodiments of the present
invention may be used with other types of enclosures
including a duplex, an apartment within an apartment build-
ing, a light commercial structure such as an oflice or retail
store, or a structure or enclosure that 1s a combination of
these and other types of enclosures.

Some embodiments of thermostat 110 1n FIG. 1 incorpo-
rate one or more sensors to gather data from the environment
associated with enclosure 100. Sensors incorporated 1in
thermostat 110 may detect occupancy, temperature, light and
other environmental conditions and influence the control and
operation of HVAC system 120. Sensors incorporated within
thermostat 110 do not protrude from the surface of the
thermostat 110 thereby providing a sleek and elegant design
that does not draw attention from the occupants 1n a house
or other enclosure. As a result, thermostat 110 and readily
fits with almost any decor while adding to the overall appeal
of the interior design.
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As used herein, a “learning” thermostat refers to a ther-
mostat, or one of plural communicating thermostats in a
multi-thermostat network, having an ability to automatically
establish and/or modily at least one future setpoint i a
heating and/or cooling schedule based on at least one
automatically sensed event and/or at least one past or current
user put.

As used herein, a “primary” thermostat refers to a ther-
mostat that 1s electrically connected to actuate all or part of

an HVAC system, such as by virtue of electrical connection
to HVAC control wires (e.g. W, G, Y, etc.) leading to the

HVAC system.

As used heremn, an “auxiliary” thermostat refers to a
thermostat that 1s not electrically connected to actuate an
HVAC system, but that otherwise contains at least one
sensor and influences or facilitates primary thermostat con-
trol of an HVAC system by virtue of data communications
with the primary thermostat.

In one scenario, the thermostat 110 1s a primary learning,
thermostat and 1s wall-mounted and connected to all of the
HVAC control wires, while the remote thermostat 112 1s an
auxiliary learning thermostat positioned on a nightstand or
dresser, the auxiliary learning thermostat being similar 1n
appearance and user-interface features as the primary learn-
ing thermostat, the auxiliary learning thermostat further
having similar sensing capabilities (e.g., temperature,
humidity, motion, ambient light, proximity) as the primary
learning thermostat, but the auxiliary learning thermostat not
being connected to any of the HVAC wires. Although 1t 1s
not connected to any HVAC wires, the auxiliary learming
thermostat wirelessly communicates with and cooperates
with the primary learning thermostat for improved control of
the HVAC system, such as by providing additional tempera-
ture data at 1ts respective location 1n the enclosure, providing,
additional occupancy information, providing an additional
user interface for the user, and so forth.

It 1s to be appreciated that while certain embodiments are
particularly advantageous where the thermostat 110 1s a
primary learning thermostat and the remote thermostat 112
1s an auxiliary learning thermostat, the scope of the present
teachings 1s not so limited. Thus, for example, while certain
initial provisioning methods that automatically pair associ-
ate a network-connected thermostat with an online user
account are particularly advantageous where the thermostat
1s a primary learning thermostat, the methods are more
generally applicable to scenarios involving primary non-
learning thermostats, auxiliary learning thermostats, auxil-
lary non-learning thermostats, or other types of network-
connected thermostats and/or network-connected sensors.
By way of further example, while certain graphical user
interfaces for remote control of a thermostat may be par-
ticularly advantageous where the thermostat 1s a primary
learning thermostat, the methods are more generally appli-
cable to scenarios mvolving primary non-learning thermo-
stats, auxiliary learning thermostats, auxiliary non-learning
thermostats, or other types of network-connected thermo-
stats and/or network-connected sensors. By way of even
further example, while certain methods for cooperative,
battery-conserving information polling of a thermostat by a
remote cloud-based management server may be particularly
advantageous where the thermostat 1s a primary learning
thermostat, the methods are more generally applicable to
scenarios involving primary non-learning thermostats, aux-
iliary learning thermostats, auxiliary non-learning thermo-
stats, or other types of network-connected thermostats and/
or network-connected sensors.
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Enclosure 100 further includes a private network acces-
sible both wirelessly and through wired connections and
may also be referred to as a Local Area Network or LAN.
Network devices on the private network include a computer
124, thermostat 110 and remote thermostat 112 in accor-
dance with some embodiments of the present invention. In
one embodiment, the private network 1s implemented using
an 1ntegrated router 122 that provides routing, wireless
access point functionality, firewall and multiple wired con-
nection ports for connecting to various wired network
devices, such as computer 124. Each device 1s assigned a
private network address from the integrated router 122 either
dynamically through a service like Dynamic Host Configu-
ration Protocol (DHCP) or statically through actions of a
network administrator. These private network addresses may
be used to allow the devices to communicate with each
directly over the LAN. Other embodiments may instead use
multiple discrete switches, routers and other devices (not
shown) to perform more other networking functions in
addition to functions as provided by integrated router 122.

Integrated router 122 further provides network devices
access to a public network, such as the Internet, provided
enclosure 100 has a connection to the public network
generally through a cable-modem, DSL modem and an
Internet service provider or provider of other public network
service. Public networks like the Internet are sometimes
referred to as a Wide-Area Network or WAN. In the case of
the Internet, a public address 1s assigned to a specific device
allowing the device to be addressed directly by other devices
on the Internet. Because these public addresses on the
Internet are 1n limited supply, devices and computers on the
private network often use a router device, like integrated
router 122, to share a single public address through entries
in Network Address Translation (NAT) table. The router
makes an entry in the NAT table for each communication
channel opened between a device on the private network and
a device, server, or service on the Internet. A packet sent
from a device on the private network 1mitially has a “source”
address containing the private network address of the send-
ing device and a “destination” address corresponding to the
public network address of the server or service on the
Internet. As packets pass from within the private network
through the router, the router replaces the “source” address
with the public network address of the router and a *“source
port” that references the entry in the NAT table. The server
on the Internet receiving the packet uses the “source”
address and “source port” to send packets back to the router
on the private network which 1n turn forwards the packets to
the proper device on the private network doing a corre-
sponding lookup on an entry 1n the NAT table.

Entries in the NAT table allow both the computer device
124 and the thermostat 110 to establish individual commu-
nication channels with a thermostat management system
(not shown) located on a public network such as the Internet.
In accordance with some embodiments, a thermostat man-
agement account on the thermostat management system
enables a computer device 124 1n enclosure 100 to remotely
access thermostat 110. The thermostat management system
passes information from the computer device 124 over the
Internet and back to thermostat 110 provided the thermostat
management account 1s associated with or paired with
thermostat 110. Accordingly, data collected by thermostat
110 also passes from the private network associated with
enclosure 100 through integrated router 122 and to the
thermostat management system over the public network.
Other computer devices not in enclosure 100 such as Smart-
phones, laptops and tablet computers (not shown 1n FIG. 1)
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may also control thermostat 110 provided they have access
to the public network where the thermostat management
system and thermostat management account may be
accessed. Further details on accessing the public network,
such as the Internet, and remotely accessing a thermostat
like thermostat 110 1n accordance with embodiments of the
present invention 1s described 1n further detail later herein.

In some embodiments, thermostat 110 may wirelessly
communicate with remote thermostat 112 over the private
network or through an adhoc network formed directly with
remote thermostat 112. During communication with remote
thermostat 112, thermostat 110 may gather information
remotely from the user and from the environment detectable
by the remote thermostat 112. For example, remote thermo-
stat 112 may wirelessly communicate with the thermostat
110 providing user input from the remote location of remote
thermostat 112 or may be used to display information to a
user, or both. Like thermostat 110, embodiments of remote
thermostat 112 may also include sensors to gather data
related to occupancy, temperature, light and other environ-
mental conditions. In an alternate embodiment, remote ther-
mostat 112 may also be located outside of the enclosure 100.

FIG. 2 1s a schematic diagram of an HVAC system
controlled using a thermostat designed 1n accordance with
embodiments of the present invention. HVAC system 120
provides heating, cooling, ventilation, and/or air handling
for an enclosure 100, such as a single-family home depicted
in FIG. 1. System 120 depicts a forced air type heating and
cooling system, although according to other embodiments,
other types of HVAC systems could be used such as radiant
heat based systems, heat-pump based systems, and others.

In heating, heating coils or elements 242 within air
handler 240 provide a source of heat using electricity or gas
via line 236. Cool air 1s drawn from the enclosure via return
air duct 246 through filter 270, using fan 238 and 1s heated
through heating coils or elements 242. The heated air flows
back into the enclosure at one or more locations via supply
air duct system 252 and supply air registers such as register
250. In cooling, an outside compressor 230 passes a gas such
as Freon through a set of heat exchanger coils 244 to cool the
gas. The gas then goes through line 232 to the cooling coils
234 1n the air handler 240 where 1t expands, cools and cools
the air being circulated via fan 238. A humidifier 254 may
optionally be included 1n various embodiments that returns
moisture to the air before it passes through duct system 252.
Although not shown in FIG. 2, alternate embodiments of
HVAC system 120 may have other functionality such as
venting air to and from the outside, one or more dampers to
control airflow within the duct system 252 and an emergency
heating unit. Overall operation of HVAC system 120 1s
selectively actuated by control electronics 212 communicat-
ing with thermostat 110 over control wires 248.

Referring to FIG. 3A, a schematic block diagram provides
an overview ol some components inside a thermostat in
accordance with embodiments of the present invention.
Thermostat 308 1s similar to thermostat 112 1n FIG. 1 except
that thermostat 308 also illustrates and highlights selected
internal components including a Wi-F1 module 312 and
antenna, a head unmit processor 314 with associated memory
315, a backplate processor 316 with associated memory 317,
and sensors 322 (e.g., temperature, humidity, motion, ambi-
ent light, proximity). In one embodiment, head unit proces-
sor 314 can be a Texas Instruments AM3703 Sitara ARM
microprocessor while backplate processor 316, which may
be more specifically referenced to as a “microcontroller”,
can be a Texas Instruments MSP430F microcontroller. Fur-
ther details regarding the physical placement and configu-
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ration of the thermostat head unit, backplate, and other
physical elements are described in the commonly assigned
U.S. Ser. No. 13/199,108, supra. Both the head unit proces-
sor 314 and the backplate processor 316 may be considered
“processing functions,” or more generally “circuits.”
Although the embodiment of FIG. 3 includes two proces-
sors, the processing function of the thermostat may encom-
pass many other forms of hardware and/or software. By way
of example, the processing function may include micropro-
cessors, microcontrollers, field-programmable gate arrays
(FPGAs), look-up tables, digital or analog circuit configu-
rations, and/or the like. A processing function or circuit may
also include multiple individual hardware components, such
as a microprocessor and analog circuitry, two or more
microprocessors, a microprocessor and one or more FPGAs,
and/or other such arrangements.

For some embodiments, the backplate processor 316 1s a
very low-power device that, while having some computa-
tional capabilities, 1s substantially less powertul than the
head unit processor 314. The backplate processor 316 1s
coupled to, and responsible for polling on a regular basis,
most or all of the sensors 322 including the temperature and
humidity sensors, motion sensors, ambient light sensors, and
proximity sensors. For sensors 322 that may not be located
on the backplate hardware 1tself but rather are located 1n the
head unit, ribbon cables or other electrical connections
between the head umit and backplate are provided for this
purpose. Notably, there may be other sensors (not shown) for
which the head unit processor 314 1s responsible, with one
example being a ring rotation sensor that senses the user
rotation of an outer ring of the thermostat. Each of the head
unit processor 314 and backplate processor 316 1s capable of
entering 1mmto a “sleep” state, and then “waking up” to
perform various tasks.

The backplate processor 316, which in some embodi-
ments will have a low-power sleep state that corresponds
simply to a lower clock speed, generally enters into and out
of its sleep mode substantially more often than does the
more powerful head unit processor 314. The backplate
processor 316 1s capable of waking up the head unit pro-
cessor 314 from 1ts sleep state. For one embodiment directed
to optimal battery conservation, the head unit processor 314
1s allowed to sleep when 1ts operations are not being called
for, while the backplate processor 316 performs polling of
the sensors 322 on an ongoing basis, maintaining the sensor
results in memory 317. The backplate processor 316 will
wake up the head unit processor 314 in the event that (1) the
sensor data indicates that an HVAC operation may be called
for, such as 11 the current temperature goes below a currently
active heating setpoint, or (1) the memory 317 gets full and
the sensor data needs to be transferred up to the head unit
processor 314 for storage 1in the memory 315. The sensor
data can then be pushed up to the cloud server (thermostat
management server) during a subsequent active communi-
cation session between the cloud server and the head unit
processor 314.

By way of example, the head unit processor 314 can draw
on the order of 250 mW when awake and processing. Other
controller functions, such as an L.LCD module, can draw on
the order of 250 mW when active. Moreover, the Wi-Fi
module 312 can draw 250 mW when active, and needs to be
active on a consistent basis such as at a consistent 2% duty
cycle i some scenarios. However, 1 order to avoid falsely
tripping the HVAC relays for a large number of commer-
cially used HVAC systems, power-stealing circuitry 1s often
limited to power providing capacities on the order of 100
mW-200 mW, which would not be enough to supply the
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needed power for many common scenarios. Table 1 shows
how the total system power consumption of an example
embodiment might be calculated.

TABLE 1
Time in  Timer Ave. Power
Mode Power mode per day % per 24 h
Interactive 300 mW 60 s 4 0.28% 0.83 mW
Active 200 mW 10 s 192 2.22% 4.44 mW
Standby 11 mW 84,240 s 1 97.50% 10.73 mW
Ave Power: 16 mW
As can be seen from Table 1, the dominant power 1s that
of standby, though waking the head unit 8 times per hour

(192 times per day) 1s also not 1nsignificant. Switching each
HVAC zone also takes power, estimated at ~1 mA@3.3 v.
One embodiment may be likely to be switching multiple
circuits concurrently. This can significantly increase the
power consumption and hence should also be optimized
approprately. In one embodiment, the processing functions
may use more than 250 mW in the operating mode. In
another embodiment, the processing functions may use more
than 200 mW 1n the operating mode. In another embodi-
ment, the processing functions may use more than 150 mW
in the operating mode. In another embodiment, the process-
ing functions may use less than 150 mW 1n the sleep mode.
In another embodiment, the processing functions may use
less than 100 mW in the sleep mode. Finally, in another
embodiment, the processing functions may use less than 75
mW 1n the sleep mode.

As used herein, the term “network-communication mod-
ule” may iclude all forms of hardware and software used to
communicate between the controller and a network. For
example, a network-communication module may include the
Wi-F1 module 312 in this embodiment, as well as a cellular
network interface, an Ethernet adapter, a LAN adapter, a
Bluetooth interface, and/or any other type of wired or
wireless interface with a network. In the case of Wi-Fi
module 312, one embodiment may be implemented using
Murata Wireless Solutions LBWA19XSIL.Z module, which 1s
based on the Texas Instruments WL1270 chipset supporting
the 802.11 b/g/n WLAN standard. Embodiments of the
present invention configure and program Wi-Fi1 module 312
to allow thermostat 308 to enter 1mnto a low power or “sleep”™
mode to conserve energy until one or several events occurs.
For example, in some embodiments the Wi-F1 module 312
may leave this low power mode when a user physically
operates thermostat 308, which 1n turn may also cause
activation of both head-unit processor 314 and backplate
processor 316 for controlling functions in head-unit and
backplate portions of thermostat 110.

It 1s also possible for Wi-F1 module 312 to wake from a
low power mode at regular intervals 1n response to a beacon
from wireless access point 324. To conserve energy, Wi-Fi
module 312 may brietly leave the low power mode to
acknowledge the beacon as dictated by the approprnate
wireless standard and then return to a low power mode
without activating the processors or other components of
thermostat 308 1n FIG. 3A. In an alternative embodiment,
Wi-F1 module 312 may also respond to the beacon by
awaking brietly and then activating backplate processor 316,
head unit processor 314, or other portions of thermostat 308
to gather data through sensors 322 and store the results 1n a
data log 326 with a time stamp, event type and correspond-
ing data listed for future reference. In accordance with one
embodiment, backplate processor 316 may collect data 1n




US 10,732,651 B2

13

data log 326 and store in memory 320 for a period of time
or until the log reaches a maximum predetermined size. At
that point, the backplate processor 316 may wake head unit
processor 314 to coordinate an upload of the data log 326
stored 1n memory 320 over a public network, such as the
Internet, to cloud-based management server 516. Uploading
data log 326 less frequently saves time and energy associ-
ated with more frequent transmission of individual records
or log entries.

In yet another embodiment, Wi-F1 module 312 may
selectively filter an incoming data packet to determine 11 the
header 1s merely an acknowledgement packet (i.e., a keep-
alive packet) or contains a payload that needs further pro-
cessing. I the packet contains only a header and no payload.,
the Wi-F1 module 312 may be configured to either ignore the
packet or send a return acknowledgement to the thermostat
management system or other source of the packet recerved.

In further embodiments, Wi-F1 module 312 may be used
to establish multiple communication channels between ther-
mostat 112 and a cloud-based management server as will be
described and illustrated later 1n this disclosure. As previ-
ously described, thermostat 112 uses the multiple commu-
nication channels to receive diflerent types of data classified
with different levels of priority. In one embodiment, Wi-Fi
module 312 may be programmed to use one or more filters
and a wake-on-LAN feature to then selectively i1gnore or
discard data arriving over one or more of these communi-
cation channels. For example, low-priority data arriving
over a port on Wi-F1 module 312 may be discarded by
disabling the corresponding wake-on-LAN feature associ-
ated with the port. This allows the communication channel
to continue to operate yet conserves battery power by
discarding or i1gnoring the low-priority packets.

Operation of the microprocessors 314, 316, Wi-Fi module
312, and other electronics may be powered by a recharge-
able battery (not shown) located within the thermostat 110.
In some embodiments, the battery 1s recharged directly using
24 VAC power off a “C” wire drawn from the HVAC system
or a AC-DC transformer coupled directly into the thermostat
110. Alternatively, one or more diflerent types of energy
harvesting may also be used to recharge the internal battery
if these direct methods are not available as described, for
example, 1n U.S. Ser. No. 13/034,678, supra, and U.S. Ser.
No. 13/267,871, supra. Embodiments of the present inven-
tion communicate and operate the thermostat 110 1n a
manner that promotes etlicient use of the battery while also
keeping the thermostat operating at a hugh level of perfor-
mance and responsiveness controlling the HVAC system.
Some embodiments may use the battery-level charge and the
priority or relative importance of a communication to deter-
mine when a thermostat management system located on a
public network such as the Internet may communicate with
the thermostat 110. Further details on the communication
methods and system used 1n accordance with these embodi-
ments are described 1n detail later herein.

Turning now to power harvesting methods and systems,
FIG. 3B 1s a block diagram of some circuitry of a thermostat,
according to some embodiments. Circuitry 300, according to
some embodiments, 1s a backplate of a thermostat. A number
of HVAC wires can be attached using HVAC terminals 372.
One example of which 1s the W1 terminal 374. Each
terminal 1s used to control an HVAC function. According to
some embodiments, each of the wires from the terminals

W1, W2, Y1, Y2, G, O/B, AUX and E i1s connected to
separate 1solated FET drnives 370. The common HVAC
functions for each of the terminals are: W1 and W2 heating;

Y1 and Y2 for cooling; G for fan; O/B for heatpumps; and
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E for emergency heat. Note that although the circuitry 300
1s able control 8 functions using the 1solated FET drives 370,
according to some embodiments, other functions, or fewer
functions can be controlled. For example circuitry for a more
simply equipped HVAC system may only have a single
heating (W), and single cooling (Y) and a fan (G), 1n which
case there would only be three 1solated FET drives 370.
According to an embodiment, 5 FET drives 370 are pro-
vided, namely heating (W), cooling (Y), fan (G), auxiliary
(AUX) and compressor direction (O/B). Not shown are the
circuit returns such as RH (return for heat) and RC (return
for cooling). According to some embodiments the thermo-
stat can control a humidifier and/or de-humidifier. Further
details relating to 1solated FET drives 370 are described 1n
co-pending U.S. patent application Ser. No. 13/034,674,
entitled “Thermostat Circuitry for Connection to HVAC
Systems,” supra, which 1s incorporated herein by reference.

The HVAC functions are controlled by the HVAC control
general purpose mput/outputs (GPIOs) 322 within micro-
controller (MCU) 320. MCU 320 1s a general purpose
microcontroller such as the MSP430 16-bit ultra-low power
MCU available from Texas Instruments. MCU 320 commu-
nicates with the head unit via Head Unit Interface 340. The
head unit together with the backplate make up the thermo-
stat. The head unit has user interface capability such that it
can display information to a user via an LCD display and
receive mput from a user via buttons and/or touch screen
input devices. According to some embodiments, the head
umt has network capabilities for communication to other
devices either locally or over the internet. Through such
network capability, for example, the thermostat can send
information and recerve commands and setting from a
computer located elsewhere 1nside or outside of the enclo-
sure. The MCU detects whether the head unit 1s attached to
the backplate via head unit detect 338.

Clock 342 provides a low frequency clock signal to MCU
320, for example 32.768 kHz. According to some embodi-
ments there are two crystal oscillators, one for high fre-
quency such as 16 MHz and one for the lower frequency.
Power for MCU 320 1s supplied at power input 344 at 3.0 V.
Circuitry 336 provides wiring detection, battery measure-
ment, and buck mput measurement. A temperature sensor
330 1s provided, and according to some embodiments and a
humidity sensor 332 are provided. According to some
embodiments, one or more other sensors 334 are provided
such as: pressure, proximity (e.g. using infrared), ambient
light, and pyroelectric infrared (PIR).

Power circuitry 350 1s provided to supply power. Accord-
ing to some embodiments, when the thermostat 1s first turned
on with 1nsuflicient battery power, a bootstrap power system
1s provided. A high voltage low dropout voltage regulator
(LDO) 380 provides 3.0 volts of power for the bootstrap of
the MCU 320. The bootstrap function can be disabled under
MCU control but according to some embodiments the
bootstrap function 1s left enabled to provide a “safety net” if
the head unit supply vanishes for any reason. For example,
i the head-unit includes the re-chargeable battery 384 and 1s
removed unexpectedly, the power would be lost and the
bootstrap function would operate. The input to this Boot-
strap LDO 380 1s provided by connectors and circuitry 368
that automatically selects power from common 362 (highest
priority ), cool 366 (lower priority); or heat (lowest priority)
364.

In normal operation, a 3.0 volt primary LDO 382 powers
the backplate circuitry and itself 1s powered by VCC Main.
According to some embodiments, high voltage buck 360 1s
provided as a second supply in the backplate. The mput to




US 10,732,651 B2

15

this supply 1s the circuitry 368. According to some embodi-
ments, the high voltage buck 380 can supply a maximum of
100 mA at 4.5 v. According to some embodiments, the VCC
main and the Primary LDO 382 can be powered by a
rechargeable battery (shown in FIG. 7) 1n cases where there
1s no alternative power source (such as the high voltage buck
or USB power, for example).

FIGS. 4A-4C schematically illustrate the use of auto-
switching connectors being used to automatically select a
source for power harvesting, according to some embodi-
ments. The connectors 362, 364, and 366 are connectors as
shown 1n FIG. 3. For further details regarding automatically
switching connectors, see co-pending U.S. patent applica-
tion Ser. No. 13/034,666, entitled “Thermostat Wiring Con-
nector’” incorporated herein by reference. The connector 362
1s used for connection to an HVAC “C” (common) wire and
includes two switched pairs of normally closed secondary
conductors 410 and 412. The connector 366 1s used for
connection to an HVAC “Y™ (cooling) wire and includes one

switched pair of normally closed secondary conductors 454.
The connector 364 1s used for connection to an HVAC “W”

(heating) wire. Note that although not shown 1n FIGS. 4A-C,
one or more additional pairs of switched secondary conduc-
tors can be provided with any of the connectors 362, 366 and
365, such as could be used for the purpose of electronically
detecting the presence of an HVAC system wire to the
connector. Power harvesting circuitry 460 1s used to supply
power to the thermostat and 1s also connected to the Rc wire
462 (or according to other embodiment the Rh wire). For
example, the power harvesting circuitry 460 can include the

HV buck 360 and Bootstrap LDO 380 as shown in and
described with respect to FIGS. 3 and 6 A-B.

FI1G. 4A shows the case of the switches 454, 410 and 412
when no C wire and no Y wire 1s attached. In this case all
of the switches 454, 410 and 412 are closed and the power
harvesting circuitry 460 1s connected at input 464 with the
W wire via circuit paths 420, 422 and 426. FI1G. 4B shows
the case of the switches 454, 410 and 412 when no C wire
1s attached but there 1s a Y wire attached. In this case
switches 410 and 412 are closed but switch 454 1s opened
due to the presence of the Y wire. In this case the power
harvesting circuitry 460 1s connected at input 464 with the
Y wire via circuit paths 424 and 428. FIG. 4C shows the case
of the switches 454, 410 and 412 when both C and Y wires
are attached. In this case all the switches 454, 410 and 412
are open and the power harvesting circuitry 460 1s connected
at input 464 with the C wire via circuit path 430. Note that
the case of a connection of C and W wires and no Y wire 1s
not shown but that in this case the W wire would not be
connected to circuitry 420 since switch 410 would be open.
Thus, through the use of circuitry and the connectors shown,
the power harvesting circuitry 1s automatically switched so
as to use connections to C, Y and W wires 1n decreasing
order of priority. In one embodiment, the C wire 1s the
highest priority as this ordinarily provides the best power
source, 1i available. Note that according to some embodi-
ments, the Y and W priorities are reversed to make W higher
priority than Y.

FIG. 5 1s a schematic of a half-bridge sense circuit,
according to some embodiments. Circuit 300 provides volt-
age sensing, clipped to 3.0 volts, for presence detection and

current sensing. At inputs 502, 504 and 506 are the 24 VAC
wavetorms from three of the HVAC circuits. In the case

shown 1n FIG. 5, mnputs 502, 504 and 506 are for HVAC W1,
HVAC Y1 and HVAC G, respectively. The sense input bias
butler 5350 1s provided as shown. Note that a voltage divider
1s used in each case that takes the voltage from 24 volts to
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approximately 4 volts. Clamp diodes 520a, 5206 and 520c¢
ensure that the voltage goes no higher or lower than the
range ol the microcontroller 320 (shown i FIG. 3). The
Sense outputs 530, 532 and 3534 are connected to the
microcontroller 320 so that the microcontroller 320 can
sense the presence of a signal on the HVAC lines. The
circuits are repeated for the other HVAC lines so that the
microcontroller can detect signals on any of the HVAC lines.

FIGS. 6A-B are schematics showing the high voltage
buck, bootstrap LDO and battery LDO power circuitry,
according to some embodiments. The circuitry in FIG.
6A-FIG. 6B may be part of a power manager. As used
herein, the term “power manager” may include any systems,
subsystems, circuitry, mputs, connections, and/or devices
that may be used to manage the power supplied to the rest
of the controller. FIG. 6A shows the input 464 from the
connector selected power, which corresponds to input 464 to
power circultry 460 1n FIG. 4. The diodes 632 are used to
rectify the AC power signal from the HVAC power trans-
tformer wire that 1s selected by the connector circuitry shown
in FIG. 4. When the thermostat 1s installed in a building
having two HVAC power transformers, such as may be the
case when an existing HVAC heating-only system 1s
upgraded to add an HVAC cooling system. In such cases,
there are two power wires from the HVAC system, often
called “Rh’ the power wire directly from the heating system
transformer, and “Rc¢” the power wire directly from the
cooling transformer. Input 462 1s from a terminal connected
to the Rc wire. According to some embodiments, the Rc and
Rh terminals are switched using automatic switching or
other jumperless design, as shown and described 1n co-
pending U.S. patent application Ser. No. 13/034,674,
entitled “Thermostat Circuitry for Connection to HVAC
Systems,” filed on even date herewith and which 1s 1ncor-
porated herein by reference.

Rectified mput 624 is input to the high voltage buck
circuit 610, according to some embodiments. In buck circuit
610, which corresponds to high voltage buck 360 in FIG. 3,
the voltage on the mput capacitors 612, 614 and 616 of high
voltage buck 610 can be measured by the MCU 320 (of FIG.
3) at node 620, allowing the MCU to momentarily open the
W1 or Y1 contacts during an “enabled” or “on” phase 1n
order to recharge the buck input capacitors 612, 614 and 616
and continue power harvesting. According to some embodi-
ments, the same HVAC circuit (e.g. heating or cooling) 1s
used for power harvesting, whether or not there 1s more than
one HVAC function 1n the system. According to some other
embodiments, when the thermostat 1s used with an HVAC
system having two circuits (e.g. heating and cooling), the
system will power harvest from the non-activated circuit. In
cases where a common wire 1s available from the HVAC
power transformer, the system might not power harvest at all
from the heating and cooling circuits. Accordmg to some
embodiments, the step down converter 630 1s a high efli-
ciency, high voltage 100 mA synchronous step-down con-
verter such as the LTC3631 from Linear Technology.
According to some embodiments, inductor 642 1s a 100 uH
power inductor such as the MOS6020 from Coilcratt.
According to some embodiments, one or more other types of
clements 1n addition to or instead of mput capacitors 612,
614 and 616 are used to store electrical energy during power
harvesting when the HVAC function 1s active (or “on”). For
example, magnetic elements such as inductors and/or trans-
formers can be used.

In order to control the HVAC functions, the HVAC
function wire 1s shorted to the return or power wire. For
example, 1n the case of heating, the W wire 1s shorted to the
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Rh (or R or Rc depending on the configuration). In the case
of cooling the Y wire 1s shorted to the Rc (or R or Rh
depending on the configuration). By shorting these two
wires, the 24 VAC transformer 1s placed 1n series with a
relay that controls the HVAC function. However, for power
harvesting, a problem 1s that when these wires are shorted,
there 1s no voltage across them, and when open, there 1s no
current tlow. Since power equals voltage multiplied by
current, 1 either quantity 1s zero the power that can be
extracted 1s zero. According to some embodiments, the

power harvesting circuitry allows power to be taken from
the two wires in both the states of HVAC—the HVAC “on”

and the HVAC “ofl”.

In the HVAC “off” state, some energy can be harvested
from these two wires by taking less energy than would cause
the of the relay to turn on, which would cause the HVAC
function to erroneously turn on. Based on testing, it has been
found that HVAC functions generally do not turn on when
(0.040 A*4.5V)=0.180 watts 1s extracted at the output. So

alter the mput diodes, capacitors, and switching regulator,
this allows us to take 40 mA at 4.5 volts from these wires
without turning on the HVAC system.

In the HVAC “‘on” state, the two wires must be connected
together to allow current to tflow, which turns on the HVAC
relay. This, however, shorts out the mput supply, so our
system does not get any power when the HVAC “on” switch
1s closed. To get around this problem, the voltage 1s moni-
tored on the capacitors 612, 614 and 616 at the input
switching power supply node 620. When the voltage on
these capacitors “C, ~ drops close to the point at which the
switching power supply would “Drop out” and lose output
regulation, for example at about +8 Volts, the HVAC “on”
switch 1s turned off and C,, 1s charged. During the time that
C, 1s charging, current 1s still flowing in the HVAC relay, so
the HVAC relay stays on. When the C, capacitor voltages
increases some amount, for example about +16 Volts, the
HVAC “on” switch 1s closed again, C, begins to discharge
while 1t feeds the switching regulator, and current continues
to tlow 1n the HVAC relay. Note that C_ 1s not allowed to
discharge back to the HVAC *“on” switch due to input diodes
632. When the voltage on C, drops to about +8 Volts the
HVAC *on” switch 1s turned off and the process repeats.
This continues until the system tells the HVAC “on” switch
to go ofl because HVAC 1s no longer needed. According to
some embodiments, the ability of the HVAC *“on” switch to
turn on and ofl relatively quickly i1s provided by circuitry
450 as shown 1n and described with respect to FIG. 4 of
co-pending U.S. patent application Ser. No. 13/034,674,
entitled “Thermostat Circuitry for Connection to HVAC
Systems,” supra, which 1s incorporated herein by reference.

According to some embodiments, one or more alternative
power harvesting techniques are used. For example, rather
than having the HVAC *“‘on” switch turn on when the voltage
on C, reaches a certain point, 1t the system might turn off the
“HVAC “on” switch for a predetermined period of time
instead. According to some embodiments, power harvesting
1s enhanced by synchronizing the power harvesting with the
AC current waveform.

FIG. 6B 1s a schematic of high voltage low dropout
voltage regulators used to provide bootstrap power and
battery, according to some embodiments. The bootstrap
LDO circuitry 680, and battery LDO circuitry correspond to
the bootstrap LDO 380 and battery LDO 382 in FIG. 3
respectively. Rectified mput 624 1s input to bootstrap circuit
680. According to some embodiments, regulator 670 1s
low-dropout linear regulator such as the TPS79801 from
Texas Instruments. The output power 690 1s provided to the
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backplate at 3.0V. The bootstrap disable signal 680 can be
used to disable the bootstrap power unit, as shown. The input
660 comes from VCC main, which can be, for example,
from the rechargeable battery. According to some embodi-
ments, the low dropout regulator 662 1s a low quiescent
current device designed for power-sensitive applications
such as the TLV70030 from Texas Instruments.

FIG. 6C shows a battery charging circuit 675 and
rechargeable battery, according to some embodiments. The
charger 673 1s used to charge the lithium-ion battery 6350. In
general, 11-10on battery capacity depends on what voltage the
battery 1s charged to, and the cycle life depends on the
charged voltage, how fast the battery 1s charged and the
temperature during which the battery 1s charged. Ordinarily,
L1-10n batteries are charged at about 4.2V. In some cases the
charging voltage 1s even higher 1n an attempt to gain greater
capacity, but at the expense of decreased cycle life. How-
ever, 1n the case of the rechargeable battery 650 for use with
a wall-mounted thermostat, a greater cycle life may be
preferred over capacity. High capacity 1s generally not
needed since charging power 1s available via the power
harvesting circuitry, and greater cycle life may be preferred
since user replacement may be diflicult or unavailable. Thus,
according to some embodiments, a low charging speed, low
final tloat voltage and reduced charging temperature range
may be preferred. According to some embodiments, a final
float voltage of between 3.9V and 4.1V 1s used. According
to some embodiments a final float voltage of less than 4.0V
1s used, such as 3.95V. According to some embodiments, the
ratio of charge current to total capacity “C” 1s also con-
trolled, such as charging the battery to 0.2 C (0.2 times the
rated capacity) to provide better cycle life than a higher
ratio. According to some embodiments, using a lower charg-
ing current aids 1n avoiding unintended tripping of the
HVAC relay.

Although the embodiment illustrated 1n FIG. 6C uses a
lithium-1on battery 750 as a power supply, other embodi-
ments are not so limited. Other embodiments may use
various power-storage modules that may be configured to
store energy and provide energy to the rest of the controller.
As used herein, the terms “power-storage module” and
“power supply” may include many different configurations
for providing and storing energy. By way of example, a
power-storage module or power supply may include lithium-
1ion batteries and other forms of primary and secondary cell
batteries, inductors, capacitors, and other energy-storage
circuit elements.

Generally, the power supply or power-storage module
may receive energy from another source and then store that
energy for use by the controller. This process of providing
energy to the power supply or power-storage module may be
called “charging” or “recharging;” however, 1t may also
include all forms of providing energy, such as providing
charge to capacitors, charging a secondary cell battery, or
providing current to an inductor. This energy may be stored
in the form of a magnetic or electric field, and/or 1n a battery
cell. The source of the energy provided to the power supply
or power-storage module may be sourced from any external
power supply. The embodiment 1mn FIG. 6C illustrates har-
vesting electrical power from an HVAC system; however, 1t
will be understood that any source of energy may be used by
a power manager, whether internal or external.

According to some embodiments, charger 673 1s a USB
power manager and li-ion battery charger such as the
L'TC4085-3 from Linear Technology. Backplate voltage 671
1s input to charger 673. The circuitry 672 1s used to select the
charging current. In particular the value of resistor 674 (24.9
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k) in parallel with resistor 634 (16.9 k) in combination with
the inputs Double Current 638 and High Power 628 are used
to select the charging current. IT High Power 628 and Double
Current 638 are both set to O, then the charging current 1s 8.0
mA; 1f the High Power 628 is set to 0 and Double Current
638 is set to 1, then the charging current 1s 19.9 mA; 11 the
High Power 628 1s set to 1 and Double Current 638 is set to
0, then the charging current 1s 40.1 mA; and 11 the High
Power 628 and Double Current 638 are both set to 1, then
the charging current 1s 99.3 mA. Resistor 636 15 used to set
the default charge current. In the case shown, a 220 k resistor
set the default charge current to 227 mA. According to some
embodiments, a charge temperature range of 0-44 degrees C.
1s set via the Thermistor Monitoring Circuits.

According to some embodiments, the thermostat i1s
capable of being powered by a USB power supply. This
could be supplied by a user, for example, by attaching the
thermostat via a USB cable to a computer or another USB
power supply. In cases there a USB power supply 1s avail-
able, 1t 1s selected as the preferred power source for the
thermostat and can be used to recharge the rechargeable
battery. According to some embodiments, a charge current
of about 227 mA 1s used when a USB supply source 1is
available; a charge current of about 100 mA 1s used when an
HVAC common wire 1s present; and a charge current of
between about 20-40 mA 1s used when power 1s harvested
from an HVAC heating and/or cooling circuit.

FIG. 7 1llustrates thermostats and computers on a private
network 702 connected to a cloud-based management server
716 designed 1n accordance with aspects of the present
invention. In one embodiment, private network 702 1is
designed to provide network connectivity primarily within
and near an enclosure, such as enclosure 100 1n FIG. 1,
connecting various devices together such a Smartphone 708,
tablet 710, computer 712, thermostat 110 and remote ther-
mostat 112. A router (not shown) in private network 702,
such as mtegrated router 122 1n FIG. 1, provides wired and
wireless connectivity between these devices using a network
protocol such as TCP/IP. In one embodiment, thermostat 110
and remote thermostat 112 are connected wirelessly to
private network 702 as a wired connection i the vicinity of
the thermostats may not available and/or 1t 1s undesirable to
include a wired connection socket on thermostat 110 or
remote thermostat 112.

Thermostat access client 714 1s a client application
designed in accordance with aspects of the present invention
to access a cloud-based management server 716 over public
network 704. The term “thermostat management system”™
can be imterchangeably referenced as a “cloud-based man-
agement server” for the thermostats, or more simply “cloud
server’”’, 1n various descriptions heremnabove and hereinbe-
low. Because thermostat access client 714 1s designed to
execute on different devices, multiple client applications
may be developed using different technologies based on the
requirements of the underlying device platform or operating,
system. For some embodiments, thermostat access client
714 1s implemented such that end users operate their Inter-
net-accessible devices (e.g., desktop computers, notebook
computers, Internet-enabled mobile devices, cellphones
having rendering engines, or the like) that are capable of
accessing and interacting with the cloud-based management
server 716. The end user machine or device has a web
browser (e.g., Internet Explorer, Firefox, Chrome, Safar1) or
other rendering engine that, typically, 1s compatible with
AJAX technologies (e.g., XHTML, XML, CSS, DOM,
JSON, and the like). AJAX technologies include XHTML
(Extensible HTML) and CSS (Cascading Style Sheets) for
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marking up and styling information, the use of DOM (Docu-
ment Object Model) accessed with client-side scripting
languages, the use of an XMLHttpRequest object (an API
used by a scripting language) to transter XML and other text
data asynchronously to and from a server using HI'TP), and
use of XML or JSON (Javascript Object Notation, a light-
weilght data interchange format) as a format to transfer data
between the server and the client. In a web environment, an
end user accesses the site 1n the usual manner, 1.e., by
opening the browser to a URL associated with a service
provider domain. The user may authenticate to the site (or
some portion thereol) by entry of a username and password.
The connection between the end user entity machine and the
system may be private (e.g., via SSL). The server side of the
system may comprise conventional hosting components,
such as IP switches, web servers, application servers, admin-
i1stration servers, databases, and the like. Where AJAX 1s
used on the client side, client side code (an AJAX shim)
executes natively 1n the end user’s web browser or other
rendering engine. Typically, this code 1s served to the client
machine when the end user accesses the site, although 1n the
alternative 1t may be resident on the client machine persis-
tently. Finally, while a web-based application over Internet
Protocol (IP) 1s described, this 1s not a limitation, as the
techniques and exposed user interface technologies may be
provided by a standalone application 1n any runtime appli-
cation, whether fixed line or mobile. It 1s to be appreciated
that although the TCP/IP protocol 1s set forth as the network
protocol used for communications among the cloud-based
management server 716, the thermostat access client 714,
and other devices for some embodiments, it 1s set forth by
way of example and not by way of limitation, with the use
of any other suitable protocol, such as UDP over IP 1n
particular, may be used without departing from the scope of
the present teachings. In yet another embodiment, thermo-
stat access client 714 may be a stand-alone application or
“app” designed to be downloaded and run on a specific
device such Smartphone 708 or table 710 device running the
Apple 10S operating system, Google Android operating
system or others.

It 1s to be appreciated that the embodiments described
herein, while advantageously providing battery-conscious
methods for reliable communication of thermostatically
related data between the thermostats 110/112 and the cloud-
based management server 716, are also advantageously
configured to be compatible with a large variety of conven-
tional integrated routers that service a large population of
homes and businesses. Thus, by way of example only and
not by way of limitation, the router (not shown) that services
the private network 702 can be, for example, a D-Link
DIR-655 Extreme N Wireless Router, a Netgear
WNDR3700 RangeMax Dual Band Wireless USB Gigabat
Router, a Buflalo Technology Nfimiti WZR-HP-G300NH
Wireless-N Router, an Asus RT-N16 Wireless Router, Cisco
Linksys E4200 Dual Band Wireless Router, or a Cisco
Linksys E4200 Dual Band Wireless Router.

In one embodiment, cloud-based management server 716
illustrated 1n FIG. 7 may be accessed over public network
704 by computer devices on private network 702 running
thermostat access client 714. Thermostat access client 714
may also execute or run on a computer device such as tablet
706 directly connected to the public network 704. In one
embodiment, each thermostat access client 714 has access to
a thermostat management account (not illustrated) on cloud-
based management server 716 which allows thermostat
access client 714 to interact with thermostat 110 or remote
thermostat 112 1 a variety of different ways. In some
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embodiments, thermostat access client 714 may be used to
access sensor data previously collected from thermostat 110
and remote thermostat 112 then stored on cloud-based
management server 716. In other embodiments, for
example, thermostat access client 714 may be used to either
remotely control or remotely configure thermostat 110.
Thermostat access client 714 may also gather other infor-
mation on thermostat 110 or remote thermostat 112 1nclud-
ing a battery-level readings, firmware update levels, diag-
nostic data, or any other data exposed by the thermostats to
thermostat access client 714.

Each of the thermostat 110 and remote thermostat 112
also communicate with cloud-based management server 716
through one or several communication channels established
through public network 704. Like other devices on the
private network 702, thermostat 110 and remote thermostat
112 do not have a public network address and therefore
cannot communicate directly on the Internet or other public
network without the assistance of the router and correspond-
ing entries 1 NAT table 718. In the example mn FIG. 7,
thermostat 110 has a private network address of
192.168.1.108 and a private port number of 60720 while
remote thermostat 112 has been configured with a private
network address of 192.168.1.110 and three diflerent port
numbers 60744, 60743, and 60722. In this example, ther-
mostat 110 nitiates the establishment of a communication
channel with cloud-based management server 716 having a
public network address 107.20.224.12 and public port num-
ber 443. Accordingly, the router (not shown) on private
network 702 creates an entry 1n a NAT table 718 1dentified
by NAT PORT 1022 for communications between SOURCE
ADDRESS 192.168.1.108 and SOURCE PORT 60720 of
thermostat 110 and DESTINATION  ADDRESS
107.20.224.12 and DESTINATION PORT 443 of cloud-
based management server 716.

As described above, one embodiment uses a router to
connect the Public Network 704 to the Private Network 702.
However, other embodiments may use many other devices
and methods for connecting two networks. As used herein,
the term “‘gateway” may be interpreted to encompass any
device implementing a method of connecting one network to
another network. Many embodiments discussed herein use
gateways that perform address translation between multiple
networks, such as the NAT table examples discussed above.
However, 1t should be understood that a gateway may use
any method of translating addresses between multiple net-
works.

In an alternative configuration, thermostats 110 and 112
may be configured with multiple communication channels to
cloud-based management server 716 rather than a single
connection as depicted with thermostat 110. As an example,
thermostat 112 initiates the establishment of communication

channels over three ports 60744, 60743, and 60722, causing
the router to make three more entries 1n the NAT table 718
identified by NAT PORTs 1044, 1921 and 1758. The addi-
tional corresponding entries 1n NAT table 718 i1dentified as
NAT PORT 1044, 1921, and 1758 include SOURCE
ADDRESS 192.168.1. 110 and SOURCE PORTS 60744,
60744, 60722 each associated with DESTINATION
ADDRESS 107.20.224.12 and DESTINATION PORT 443
of cloud-based management server 716. In various embodi-
ments of the present mvention, commumnications between
cloud-based management server 716 and other thermostats
may take place over a single communication channel as
configured on remote thermostat 110 while other embodi-
ments may use multiple communications channels as pro-

vided with thermostat 112.
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As data 1s transterred using a protocol such as TCP/IP, the
router 1n private network 702 modifies the addresses in
packets of data passing over the communication channels
between the private network and a server or device on the
public network such as cloud-based management server 716.

In one example, the router may receive a packet from remote
thermostat 110 having a SOURCE ADDRESS field of

192.168.1.108 and a SOURCE PORT of 60720 combined
with a DEST ADDRESS 01107.20.224.12 and DEST PORT
443 of cloud-based management server 716. Belore placing

this packet on the Internet, the router references NAT table
718 and replaces the SOURCE ADDRESS field and

SOURCE PORT field values with the public address
76.21.3.203 assigned to the router and the corresponding
NAT port 1022 respectively. A resulting modified packet
header 720 in FIG. 7 sent over the public network has the
original destination address and destination port but the
source address and port are changed to the public address of
the router and port number from NAT table 718. As long as
the entries in NAT table 718 are present, thermostats 110 and
112 may communicate over their respective communication
channels on the public network 704 to cloud-based man-
agement server 716.

During these communications, embodiments of the pres-
ent 1nvention take into consideration battery-levels of the
thermostats and the impact on the performance of the
thermostat. If a battery-level on a thermostat 1s low, further
communications with a thermostat may impact the ability of
the thermostat to perform essential functions such as con-
trolling the HVAC system or communicating over the net-
work. As illustrated in FIG. 7, an enlarged battery image
110A next to thermostat 110 shows schematically a battery-
level of the battery inside of thermostat 110. The battery
image 110A, in this example, appears about 80% charged
thus representing the battery-level mside thermostat 110 to
be almost fully charged. In a similar manner, an enlarged
battery 1mmage 112A adjacent to remote thermostat 112
appears about 20% charged thus indicating that the battery
inside of thermostat 112 has a low battery-level. To accom-
modate for these different and fluctuating battery-levels,
embodiments of the present mnvention may incorporate one
or multiple different strategies 1n communicating and oper-
ating a thermostat.

The battery levels may be monitored by the thermostat
110 and/or by the cloud-based management server 716 1n
order to regulate the power used by any of the processing
functions or processing circuits in the thermostat, such as
head unit processor 314 and/or backplate processor 316.
Oftentimes, as discussed above, the energy harvested from
the HVAC system may provide less energy than may be
required when the processing functions are operating in
various modes. Theretfore, the sleep state, or low power state
of the processing functions may be configured such that the
energy used during the sleep state by the processing func-
tions 1s less than what 1s harvested from the HVAC system.
Generally, a first power may be provided by the power-
storage module that 1s higher than a second power that may
be harvested from the HVAC system. Because of this
configuration, the processing function may operate in a {irst
mode, 1.e., a sleep mode, which uses less power than the
second power harvested from the HVAC system. This may
allow for the power harvested from the HVAC system to
both provide power to the power-supply module and to the
processing functions while the processing functions are
operating in the sleep mode (first mode). This may also
enable the processing functions to operate 1n a second mode,
1.€., an operating mode, which may require more instanta-




US 10,732,651 B2

23

neous power than the HVAC harvesting may provide. The
second mode may use a fourth power that 1s less than the first
power that may be provided by the power-supply module,
but it may also be more than the second power harvested
from the HVAC system.

In one embodiment 1llustrated 1n FIG. 8A, cloud-based
management server 716 monitors battery-levels on the ther-
mostats and judiciously control the communications accord-
ing to a priority assigned to the data. In some embodiments,
cloud-based management server 716 implements aspects of
the present invention however alternate embodiments may
distribute functionality from cloud-based management
server 716 to one or several servers within the system. In this
example, thermostat 110 and thermostat 112 have initiated
and established their respective communication channels
with cloud-based management server 716 and the router on
private network 702 has created NAT table 718 as previously
illustrated 1n FIG. 7. To preserve battery-charge, the ther-
mostats 110/112 may enter mto a low power state while
waiting for erther (1) a local event that merits wake-up, such
as a particular temperature threshold being detected by the
temperature sensors, or a detected proximity of a user
detected by the proximity sensors, or (1) a next event or
request from cloud-based management server 716 that mer-
its wake-up.

Prior to entering into a low power state, each thermostat
110/112 sends a connection-opening long-polling packet to
the thermostat communication server 820. When a response
1s not required for normal operational purposes (1.e., when
the cloud-based management server 716 has no instructions
or requests to render), cloud-based management server 716
maintains a long-polling communication with thermostats
110/112 allowing the communication channels to remain
open even though the actual data exchanged may be 1nfre-
quent or subject to long delays. This not only uses the
battery-charge of the thermostats more efliciently but
reduces the overhead and delay associated with reestablish-
ing a communication channel for each data transmission. In
one embodiment, cloud-based management server 716
maintains the long-polling communication in a manner that
preserves the entry in NAT table 718 by sending a keep-alive
priority packet at regular keep-alive intervals. In one
embodiment, the keep-alive priority packet 1s consistent
with a keep-alive facility built into a TCP/IP protocol stack.
If no messages need to otherwise be sent to the thermostats
110/112 within the long-polling time interval, the protocol
stack sends one or more “keep-alive” packets to the router
on private network 702 at respective keep-alive intervals
that are less than the long-polling time interval, thereby
preserving the entry in NAT table 718. In one embodiment,
the keep-alive intervals are substantially less than the inter-
val over which many common routers might otherwise flush
their NAT table with respect to that particular connection.

At a predetermined time interval or upon an event occur-
rence, thermostats 110 and 112 may wake from a low power
state to check on their respective battery-levels and pertorm
other administrative functions. In accordance with some
embodiments, the battery-level 1s transmitted over a wireless
connection from each thermostat 110 and 112 through an
access point 806 on the private network and then stored for
tuture reference by thermostat commumcation server 820.
For example, battery image 110A appears about 80%
charged representing the battery-level inside thermostat 110
to be almost fully charged while battery image 112 A appears
about 20% charged thus indicating that the battery inside of
thermostat 112 1s at a low level. One embodiment of
cloud-based management server 716 updates this data 1n a
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device-battery-charge table 816 that includes a device
address, a battery-level, and a keep-alive interval used for
the corresponding communication channel. For example,
device-battery-charge table 816 provides that device address
76.21.3.203:1022 (corresponding to thermostat 110 by way
of NAT table 718) has a “high” battery-level and a keep-
alive interval set to 5000 time units. In contrast, device
addresses  76.21.3.203:1044, 76.21.3.203:1921, and
76.21.3.203:1758 (corresponding to thermostat 112 by way
of NAT table 718) 1n device-battery-charge table 816 all
have a “low” battery-level and a longer keep-alive interval
set to 10000. Some embodiments of cloud-based manage-
ment server 716 may set the keep-alive interval shorter 11 the
battery-level 1s high to reduce the chance that an entry 1n the
NAT table 718 will be flushed by the router. If the battery-
level 1s “low”, the keep-alive interval may be set to a
maximum long-poll interval that represents a maximum time
interval not likely to exceed a NAT time-out period of most
router devices.

Some embodiments of cloud-based management server
716 may further use device-battery-charge table 816 to help
determine when data should be communicated from cloud-
based management server 716 to one or more thermostats.
To implement, one embodiment further creates a power-
priority table 818 that associates low and high battery-levels
reported from each thermostat with high thermostatic impor-
tance data or low thermostatic importance data. In these
embodiments, power-priority table 818 establishes a trade-
ofl between the importance assigned to data being commu-
nicated compared with the drain on the current battery
charge associated with the thermostat. For example, data
communications with data classified as high thermostatic
importance data may be filtered and transmitted even when
the battery 1s low since the data 1s considered of higher
importance to the overall operation of cloud-based manage-
ment server 716 and the thermostat. In one embodiment, a
low battery-level may be between 0 and 39% of charge
capacity.

Data communications classified under a low thermostatic
importance may not be transmitted when the battery level 1s
low as indicated in power-priority table 818. Since the
battery 1s not fully charged, low thermostatic importance
data may not be transmitted 1n accordance with power-
priority table 818 to preserve energy on the battery of the
thermostat. Accordingly, low and high thermostatic impor-
tance data types are transmitted in accordance with some
embodiments when the battery-level 1s detected as high or 1n
a range irom 80% to 100% charged.

In an alternate embodiment 1llustrated 1n FIG. 8B, power-
priority table 818 three batter levels and three levels of
thermostatic importance. In the case of a low battery level,
data consider to be high thermostatic importance is trans-
mitted while medium and low thermostatic importance data
1s not sent. When the battery level 1s at a medium level, data
considered of both high and medium thermostatic 1mpor-
tance 1s transmitted. I the battery level 1s at least at a high
level then data considered to be of low, medium and high
thermostatic 1importance 1s transmitted. Further additiona
embodiments may also use more than three battery-levels
and three data priority level types for the data as well
depending on the particular design and implementation
requirements. In addition, the percentage charge for low,
medium and high battery-levels may include different ranges
of charge that do not necessarily include the aforementioned
0-39% charge for a low battery-level, 40% to 79% {for a
medium battery-level, and 80% to 100% for a high battery-
level.
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In some embodiments, the data communications may be
classified 1n a number of diflerent ways and often will be
determined based on the particular implementation require-
ments of the cloud-based management server 716 and per-
formance requirements for the thermostats. In one 1mple-
mentation, a high-prionity data type may include data
communications actively requesting a thermostat perform
some function. This may include a data communication from
cloud-based management server 716 requesting thermostat
110 or 112 to change a temperature setpoint. Another high-
priority data type may include a data communication
requesting thermostat 110 or 112 to turn on or turn off a
cooling function. In contrast, low-priority data types may
include certain operations or functions deemed less critical
for a thermostat to perform immediately. Downloading a
soltware update from cloud-based management server 716
to a thermostat 1s one example of a low-priority communi-
cation as the software update 1s not required and likely does
not aflect the immediate operation of the thermostat. In
addition, 1t may also be preferred to not download a software
update when a thermostat has a low battery-level as a
partially-completed update may render the thermostat 1nop-
crable.

FIG. 9 illustrates a cloud-based management server 716
that both conserves energy and promotes high-performance
operation of thermostats designed in accordance with
embodiments of the present imnvention. In this embodiment,
cloud-based management server 716 includes a processor
904 configured to execute one or more instructions, a
memory 902 holding instructions executable on the proces-
sor, a network interface controller 906 capable of commu-
nication over a network such as the Internet, a storage device
910, a display adapter and monitor 912 to display informa-
tion from the server on the monitor, and peripheral drivers
& devices 914 that includes keyboards, mice and other
interfaces for controlling the server. For example, a CD-
ROM/DVD device 916 with media may be attached to
peripheral drivers & devices 914 holding various embodi-
ments of the present mmvention tangibly embodied 1n a
computer program product.

In one embodiment, processes 1n memory 902 may
include a battery-level collection process 918 that stores a
battery-level associated with the battery used to power a
thermostat. As previously described, the battery-level in
some embodiments 1s provided by the thermostat over a
communication channel established over a network between
the thermostat management system and the thermostat and
provides an indication of remaining energy in the battery
associated with the thermostat. The battery-level collection
process 1s able to collect these battery-levels over a long
period ol time as a result of ongoing communications
between the thermostat and the cloud-based management
server 716, which includes the long-polling process that
keeps the communication channels open between the cloud-
based management server 716 and thermostats. In some
embodiments, the battery-level data 1s stored in a device-
battery-charge table 816 as illustrated 1n FIG. 8 and may be
in a local storage area on cloud-based management server
716 or remotely accessed in a database or other remote
storage area.

Some embodiments may further include a data priority
process 920 1n memory 902 that classifies and prioritizes one
or more types of data to be transmitted to the thermostat over
a communication channel. Depending on the implementa-
tion, data priority process 920 classifies the data transmis-
sion according to a data priority ranging from a low ther-
mostatic i1mportance data type to a high thermostatic

10

15

20

25

30

35

40

45

50

55

60

65

26

importance data type. In some implementations, the low
thermostatic importance data 1s of lesser importance to the
operation of the thermostat management system and the
thermostat. For example, a low thermostatic importance data
type may include a soiftware update as the soitware update
may not be required for the thermostat to operate. In
comparison, high thermostatic importance data types may
include data of higher importance to the operation of the
thermostat management system such as a request to change
a setpoint 1n a thermostat or turn-on heating or cooling 1n the
HVAC system.

Further embodiments may also include a power-classifi-
cation transmission process 922 that transmits data to a
thermostat depending on a classification of the data and the
battery-level associated with the thermostat. As previously
described, the data prionty classification ranges from a low
thermostatic 1mportance data type to a high thermostatic
importance data type depending on the importance of the
data to the overall operation of cloud-based management
server 716 and the thermostat. Consequently, low thermo-
static 1mportance data may not be transmitted when a
battery-level 1s low in order to conserve the battery power
remaining on the thermostat. However, the power-classifi-
cation transmission process 922 may transmait all data clas-
sifications when the battery-level associated with a thermo-
stat 1s fully-charged or “high”.

Embodiments of the present invention may also include a
long-polling process 924 in memory 902 to facilitate keep-
ing the communication channel open with a thermostat. This
long-polling process 924 nitially recerve receives a request
over the network from a thermostat to establish the com-
munication channel between the cloud-based management
server 716 located on a public network and the thermostat
located on a private network. In some embodiments, cloud-
based management server 716 has a public network address
registered on the Internet while the thermostat has a shared
public network address provided through an entry in a NAT
table from a router on a private network, such as NAT table
718 1n FIG. 7. The long-polling process 924 further config-
ures a network communication protocol, such as TCP/IP, to
occasionally transmit a keep-alive packet from the thermo-
stat management system back to the network-attached ther-
mostat over the communication channel. In some implemen-
tations, the keep-alive packet sent to the thermostat
acknowledges establishment of the communication channel
but may not include a payload or data that needs processing.
Long-polling process 924 may set the time interval for
sending these keep-alive packets at maximum time interval
not to exceed a NAT time-out period of a router device. The
receipt ol the keep-alive packet before the NAT time-out
period keeps the entry in the NAT table current and the
communication channel from being disconnected.

FIG. 10A illustrates a flowchart diagram of the operations
that a thermostat communication server uses to coordinate
communications with a battery powered thermostat that both
conserves the energy of the battery and promotes pertor-
mance of the thermostat. The thermostat communication
server, such as cloud-based management server 716 in FIG.
8, receives a request from a thermostat powered by a battery
to establish a communication channel between the thermo-
stat and the thermostat communication server over a net-
work. (1002) When the thermostat mitiates the communi-
cation channel, a router places an entry 1n a NAT table, such
as NAT table 718 1in FIG. 7, allowing the thermostat on a
private network behind a router to then communicate with
thermostat communication server on the Internet, a public
network. The entry in the NAT table will not be removed and
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the communication channel will remain open as long as any
gap 1n communication from the thermostat communication
server and the thermostat does not exceed a NAT time-out
value associated with router.

Next, thermostat communication server classifies one or
more types of data to be transmitted to the thermostat over
the communication channel according to a thermostatic
importance ranging from a low thermostatic importance to a
high thermostatic importance classification. (1004) In one
implementation, the low thermostatic importance data type
includes data of lesser importance to the operation of the
overall thermostat management system and thermostat.
These may include optional functions to be performed on the
thermostat such as software update or other maintenance.
Conversely, the high thermostatic importance data type
includes data of higher importance to the operation of the
thermostat management system and the thermostat and
generally includes requests to actively perform an action on
the thermostat such as changing a setpoint, turning-on/oil
heating or cooling or checking ambient temperature in a
residence or commercial location where the thermostat 1s
located.

Next, thermostat communication server stores a battery-
level associated with a thermostat 1n a storage area acces-
sible by the thermostat communication server. (1006) In
some embodiments, each thermostat periodically checks its
own battery and provides the battery-level to the thermostat
communication server over a communication channel estab-
lished over the network. Battery-level information for each
thermostat may be stored in a device-battery-charge table,
such as device-battery-charge table 816 as illustrated 1in FIG.
8.

To keep the communication channel open, thermostat
communication server may configure a long-poll interval for
transmitting a keep-alive packet over the communication
channel to the thermostat. (1008) In some embodiments, the
thermostat communication server sets the long-poll interval
to a maximum value not to exceed a NAT timeout period
used by most routers, which 1s often approximately 100
minutes.

If no data passes between thermostat communication
server and the thermostat (1010—No), a timer value, origi-
nally set to the long-poll interval, decreases over time within
the communication protocol stack and the process continues.
Eventually, 1f the long-poll mterval runs out of time and the
communication protocol stack on the thermostat communi-
cation server, such as TCP/IP, does not detect communica-
tion activity within the long-poll interval, the built-in keep-
alive feature sends a packet to keep the NAT entry on the
router and communication channel open. (1012) In some
embodiments, the thermostat communication server may
request to terminate the communication channel when the
long-poll interval has elapsed and wait for new communi-
cation channel to be established by the thermostat.

Alternatively 1if there 1s data to be sent, the thermostat
communication server checks the most recent battery-level
of the thermostat before sending. (1010—Yes) One embodi-
ment determines 1f there 1s a low battery-level associated
with the thermostat (1014—Yes) that only data classified as
high thermostatic importance data should be transmitted.
(1016) This preserves some of the battery charge in the
thermostat by not sending low thermostatic importance data.
In some embodiments, thermostat communication server
have predetermined classifications setup 1n advance accord-
ing to a particular configuration requirement. I the data 1s of
higher importance to the operation of the thermostat man-
agement system then the data is classified as a high ther-
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mostatic importance data type and should be sent even when
there 1s a low battery-level. For example, high thermostatic
importance data may include 1nstructions sent to a thermo-
stat actively requesting the thermostat change a temperature
setpoint or other setting.

When the battery-level associated with the thermostat 1s
not at a low level (1014—No), all data classified as low to
high thermostatic importance will be transmitted as the
battery on the thermostat 1s considered fully charged. (1018)

An example data flow chart in FIG. 10B illustrates the
flow of data and events when thermostat communication
server transmits data based on a battery-level of a thermostat
and priority associated with the data. In this example, the
thermostat mitiates establishment of a communication chan-
nel with thermostat communication server causing a router
to creates entry 1n the NAT table. (1026) To save energy, the
thermostat enters a low power mode and waits for the next
cvent. (1028). After a period of time, the management server
sends a keep-alive packet before the NAT table entry 1s
removed. (1030) In one embodiment, the thermostat wakes
from the low power mode and sends a low battery-level to
the thermostat communication server indicating the battery-
level on the thermostat 1s nearly discharged (1032)—the
thermostat then returns to a low power mode to conserve the
battery use. (1034) Thermostat communication server asso-
ciates the low battery level with the thermostat and stores the
results 1n a storage area. (1036) At this point, a client device,
such as tablet 706 runnming thermostat access client 714 1n
FIG. 7, requests thermostat communication server to change
a thermostat setting. (1038) Thermostat communication
server classifies request as a high thermostatic importance
data type to be transmitted even though the battery on the
thermostat 1s at a low level. (1040 and 1042) As a result, the
thermostat receives the data transmission and fulfills the
request to change the thermostat setting. (1044) Alternate
implementations may use more than two battery levels and
more than two corresponding thermostatic importance clas-
sifications for data such as a three classification system with
low, medium, and high thermostatic importance classifica-
tion data types.

In an alternate embodiment, a battery powered thermostat
and system illustrated in FIG. 11A uses a plurality of
communication channels to exchange data classified with
different priority in accordance with embodiments of the
present invention. Accordingly, in this embodiment the
thermostat 112 receives data of different priority from cloud
based management server 716 over corresponding diflerent
communication channels and, depending on the battery-
level, may either process or discard the data received.
Advantageously, the processing associated with this
embodiment 1s distributed partly on cloud-based manage-
ment server 716 and partly on thermostat 112. As one
distinct advantage, thermostat 112 can determine the bat-
tery-level without polling or indirectly gathering data thus
resulting 1 a more accurate processing ol data packets
received from thermostat communication server 820.

For example, thermostat 112 1n FIG. 11 A has established
two wireless communication channels using private network
address and port combinations 192.168.1.110:60744 and
192.168.1.110:60743. These private network addresses on
thermostat 112 have corresponding entries in NAT table 718
in FIG. 7 identified with NAT port entries 1044 and 1921.
Cloud-based management server 716 in FIG. 11A stores
corresponding public addresses and port numbers
76.21.3.203:1044 and 76.21.3.203:1921 for thermostat 112
in a priority transmission table 102 and also associates a high
and low-priority data type to each address as illustrated. In
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accordance with some embodiments, cloud-based manage-
ment server 716 classifies data to be sent to the thermostat
as being a low or high-priority data type and then sends over
the appropriate communication channel or public address as
indicated in priority transmission table 1102. Data passes
over public network 704, private network 702, and wire-
lessly from access point 806 illustrated in FIG. 11 A onto
thermostat 112.

Settings within the Wi-F1 module (not shown) of thermo-
stat 112 determine whether to process or discard the data
depending on which communication channel the data is
received. As a reflection of settings in the Wi-F1 module, a
power-priority table 1104 identifies that the recent battery-
level of thermostat 112 1s at a low level, as illustrated by
battery image 112A, and that ports 60744 and 60743 are
used to process high and low data types respectively.
Because the most recent battery-level was low, power-
priority table 1104 also indicates 1n this example that the
Wi-Fi module has been configured to ignore or discard
low-priority data arriving on ports 60743 and process only
high-priority data received over port 60744. Over time,
thermostat 112 may update the configuration of the Wi-Fi
module to accept or discard packets depending on the
battery-level the thermostat 112 detects. If thermostat 112
later determines the battery-level 1s high, thermostat 112
reconfigures Wi-F1 module to subsequently process both low
and high-priority data packets arriving over both ports. In
alternate embodiments, Wi-F1 module may also be config-
ured to use greater or fewer ports and process either greater
or fewer data priority types. For example, three communi-
cation channels may be used to process either high-priority,
medium-priority or low-priority data types rather than just
either high-priority or low-priority data types.

Flowchart diagram 1n FIGS. 11B-11C concern the opera-
tions on cloud-based management server 716 and thermostat
112 1n accordance with embodiments of the present inven-
tion as illustrated 1n FIG. 3A and FIG. 11A. In one embodi-
ment, flowchart diagram 1n FIG. 11B provides the operations
used by a thermostat communication server to communicate
over a plurality of communication channels with a battery
powered thermostat. In this embodiment, thermostat com-
munication server, such as cloud-based management server
716 1n FIG. 11A, receives a request from a thermostat
powered by a battery to establish a plurality of communi-
cation channel between the thermostat and the thermostat
communication server over a network. (1128) When the
thermostat initiates the communication channel, a router
places a plurality of entries in a NAT table, such as NAT
table 718 1 FIG. 7, providing multiple communication
channels for the thermostat to commumcate with the ther-
mostat communication server on the Internet, a public
network. As previously described, these entries in the NAT
table will not be removed and the communication channel
will remain open as long as any gap in communication from
the thermostat communication server and the thermostat
does not exceed a NAT time-out value associated with the
router.

Next, thermostat communication server classifies one or
more types of data to be transmitted to the thermostat over
the communication channel according to a data priority
ranging {rom a low-priority data type to a high-priority data
type. (1130) In one implementation, the low-prionity data
type includes data of lesser importance to the operation of
the overall thermostat management system and thermostat.
These may include optional functions to be performed on the
thermostat such as software update or other maintenance.
Conversely, the high-priority data type includes data of
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higher importance to the operation of the thermostat man-
agement system and the thermostat and generally includes
requests to actively perform an action on the thermostat such
as changing a setpoint, turning-on/oil heating or cooling or
checking ambient temperature 1n a residence or commercial
location where the thermostat 1s located.

To keep the communication channel open, thermostat
communication server may configure a long-poll interval for
transmitting keep-alive packets over the plurality of com-
munication channels to the thermostat. (1132) In some
embodiments, the thermostat communication server sets the
long-poll interval to a maximum value not to exceed a NAT
timeout period used by most routers, which 1s often approxi-
mately 100 minutes.

If no data passes between thermostat communication
server and the thermostat (1134—No), a timer, mitially set
to the long-poll interval, decreases over time within the
communication protocol stack and the process continues.
Eventually, 1f the long-poll iterval runs out of time and the
communication protocol stack on the thermostat communi-
cation server, such as TCP/IP, did not detect communication
activity, the built-in keep-alive feature sends packets to keep
the NAT entries on the router and the commumnication
channels open. (1138) In some embodiments, the thermostat
communication server may request the thermostat to termi-
nate and reestablish the communication channel when the
timer associated with the long-poll mterval expires to help
make sure the communication channel 1s available and
operating properly.

Alternatively 1f there 1s data to be sent, the thermostat
communication server checks the priority of the data and
sends over the proper communication channel. Accordingly
in one embodiment, 1f the data 1s classified as low-priority
(1140—Yes), thermostat communication server sends the
data over a communication channel reserved for low-priority
data transmissions. (1142) Alternatively, if the data 1s clas-
sified as high-priority and not low-priority (1140—No),
thermostat communication server sends the data over a
communication channel reserved for high-priority data
transmissions. (1148) In this embodiment, thermostat com-
munication server segregates the data on different commu-
nication channels but allows the thermostat to determine
whether to process or discard the data as 1t easy easier for the
thermostat to obtain battery-level data and make a decisions.
Generally, a determination may be made by the network-
communication module (in this embodiment, the Wi-Fi
module 312) that the a transmission 1s classified as a
low-priority transmission at least 1n part because an 1ndica-
tion that the power level of the power supply was below a
threshold power level was sent to the server. In response, the
transmission may be processed by the network-communi-
cation module while the processing function, or circuit,
remains in the low-power mode.

FIG. 11C 1s a tlowchart diagram of the complimentary
operations performed on a thermostat to conserve battery
energy yet process data at a high level of performance. In
this embodiment, a thermostat, such as thermostat 112 1n
FIG. 11A, may wake from a low power state to check on
battery-levels or possible data packets received over one or
several communication channels. (1150) For example, a
thermostat may wake from a low power state once every 100
ms to respond to a wireless strobe from an access point 324
and may also check on a battery-level. It 1s also possible that
a wake-on-LAN event wakes the thermostat causing 1t to
leave the low power state and process a data packet received
over one or several communication channels reserved for
different priority levels of data.
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In some embodiments, the thermostat may determine that
the communication channels with thermostat communica-
tion server, such as with thermostat communication server
820, have not been established. (1152—No) Accordingly,
one embodiment of the present invention may request and
establish two communication channels between the thermo-
stat communication server and the thermostat. (1154) In
accordance with some embodiments, the thermostat reserves
the first and second communication channels on the ther-
mostat to receive data classified as low and high-priority
data types. The thermostat iitially configures its Wi-Fi
module, such as Wi-F1 module 312 in FIG. 3A, to receive
low and high-priority data packets from each of the several
communication channels using a built-in wake-on-LAN
teature. (11356) To reduce power consumption, the thermo-
stat may then return to a low power state waiting for the next
event or receipt of data. (1158)

Alternatively, 11 the communication channels are estab-
lished, (1152—Yes), the thermostat determines i a data
packet has been received and requires further processing.
(1160) In some embodiments, the Wi-F1 module on the
thermostat may inspect the data packet header or payload
and determine that the data packet needs no further process-
ing and can be discarded. (1160—No) For example, the data
packet may be discarded if 1t 1s a keep-alive packet meant to
preserve the NAT table entries 1n the router or 1f the packet
otherwise has no payload data associated with 1t. It the
packet 1s discarded, the thermostat may conserve overall
power consumed because other components 1n the thermo-
stat, such as head unit processor 314 or backplate processor
316, can remain 1n a low power state. (1162)

If the packet does require further processing, (1160—Yes)
then the thermostat may activate or power-up other portions
of the thermostat to service the data packet received. (1164)
In some embodiments, thermostat may activate head unit
processor 314 to perform a change of a setpoint or other
feature on the thermostat or may activate back plate pro-
cessor 316 to gather sensor information as requested from
thermostat communication server 820.

Once a packet has been processed or discarded, embodi-
ments of the present invention check the current battery-
level of the thermostat and adjust the communication chan-
nels to either accept or discard subsequent data packets. IT
the thermostat determines the battery charge 1s at or below
a low battery-level, (1168—Yes) the Wi-F1 module 1s con-
figured to discard subsequent data received over a first
communication channel reserved to received low priority
data. (1172) As previously described, some embodiments
discard packets over a communication channel and port of
the W1-F1 module by turning ofl a wake-on-L AN feature for
the channel. This causes subsequent low priority packets
received on the channel to be 1ignored and discarded. In some
implementations, the Wi-F1 module 1s configured to process
packets on the second communication channel using a filter
to locate the proper port number and enabling the wake-on-
LAN feature for the selected filter. Lastly, if the battery
charge 1s above the low battery-level (1168—No) then
embodiments of the present invention enable processing of
subsequently received packets over the first and second
communication channels. (1178) For example, 11 the battery-
level charge 1s high then embodiments of the present inven-
tion are adjusted to process more data and further improve
the thermostat’s performance and ability to respond to
instructions and requests. After checking the battery-level
and adjusting the Wi-F1 module, the thermostat returns to a
low power state to conserve energy consumption and await
the next event and/or data to be processed. (1158)
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In another embodiment, a communication module, such
as the Wi-F1 module, may be configured to establish one or
more communication channels to a controller server through
a gateway. The communication module may further be
configured to utilize a communication protocol with the
controller server, where the communication protocol
includes a time interval that represents a time that the
gateway 15 expected to maintain the one or more commu-
nication channels between transmissions. For example, this
time may correspond to the time that a router 1s expected to
maintain an address 1 an NAT table. After establishing the
communication channels, the controller may receive a first
transmission from the controller server through the commu-
nication channels while a processing function, such as the
head unit processor 314 and/or the backplate processor 316,
operates 1n a first mode, or a sleep mode. The controller may
then determine that the first transmission was sent from the
controller server to maintain one of the communication
channels, and/or that the first transmission does not require
the processing function to operate 1n the second mode. For
example, the {first transmission may comprise a header
portion of information without a payload that requires
processing by the processing functions. In addition to
receiving the first transmission, the controller may also
receive a second transmission from the controller server
through the communication channels, where the second
transmission includes information for controlling a property
function associated with the controller. In this case, the
second transmission may require processing by the process-
ing function, and the controller may cause the processing
function to operate in a second mode, or operating mode,
alter receiving the second transmission 1n order to process
the second transmission.

An example data flow chart in FIG. 11D illustrates the
flow of data and events using a plurality of communication
channels to transmit diflerent priority levels of data. In this
example, the thermostat iitiates establishment of a plurality
of communication channels with thermostat communication
server causing a router to creates corresponding entries 1n a
NAT table. (1160) In some embodiments, a first communi-
cation channel 1s reserved for low-priority types of data and
a second communication channel 1s reserved for high-
priority types of data. To conserve energy, the thermostat
enters a low power mode and waits for the next event.
(1164). After a period of time, a long-poll interval expires
causing the thermostat communications server to send a
keep-alive packet before the NAT table entry 1s removed.
(1162) In one embodiment, the thermostat wakes from the
low power mode and sensing a low battery-level and making
note of the local condition. In this embodiment, the ther-
mostat does not forward to the thermostat commumnication
server since 1t 1s up to the thermostat to determine whether
to process the recerved data packets. Instead, thermostat
turns off a wake-on-LAN (WOL) feature for all ports except
the port receiving high-priority types of data. (1170) For
example, subsequently received packets received on the first
communication channel may be discarded since the low-
priority data 1s reserved for the first communication channel.
At some later point 1 time, a client device, such as tablet
706 running thermostat access client 714 i FIG. 7, requests
that thermostat communication server downloads a software
update to the thermostat. (1172) Thermostat communication
server classifies request as a low-prionity data type and
transmits over the first communication channel regardless of
the battery-level on the thermostat. (1174) In some embodi-
ments, thermostat communication server segregates difler-
ent priority data types on different communication channels
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and lets the thermostat decide whether to discard or process
the packets received. Eventually, the thermostat receives the
software update request but discards the packets as the
battery-level 1s low and the first communication channel 1s
configured to 1gnore the low-priority data packets that 1t may

receive. (1176).

FIGS. 12A-12B provide a schematic block diagram and
flowchart for creating a thermostat reporting group with
multiple thermostats and gathering reporting events 1n a
common event log. In FIG. 12A, a thermostat reporting
group 1202 1s formed from several thermostats in a network
including thermostat 1204, thermostat 1206, thermostat
1208 and thermostat 1210 whereupon each thermostat has a
current battery-level as represented by battery 1mages
1204 A, battery image 1206A, battery image 1208A and
battery image 1210A respectively. To conserve energy, a
proxy reporting thermostat 1s selected from the thermostat
reporting group to receive the event log information from
other members of the group and then upload over a network
to a central server. In this example, thermostat 1204 1s
selected as the proxy reporting thermostat since the corre-
sponding battery-level indicated by battery image 1204 A 1s
the highest within the thermostat reporting group.

Once selected, thermostat 1204 gathers log data over the
network from other thermostats 1206, 1208 and 1210
through local transters 1212, 1214, and 1216 respectively.
These local transfers include the log data from each ther-
mostat combined into a common log 1216 identitying a time
stamp, event type, device ID and data content for each entry.
After a period of time or when memory (not shown) in
thermostat 1204 fills up, the common log 1216 1s uploaded
over a communication channel to a central server such as the
cloud-based management server 716. This approach allows
cevent log information to be gathered using fewer uploads
than would be required if each thermostat was required to
upload individually. It also allows thermostats having a low
battery-level to preserve their battery charge while still
allowing such data to be collected and analyzed on a server
such as cloud-based management server 716 in FIG. 7.

FIG. 12B 1s a tlowchart diagram of the operations asso-
ciated with gathering reporting events on a proxy reporting
thermostat and common event log 1n accordance with
embodiments of the present invention. In one embodiment,
a thermostat reporting group 1s created from a plurality of
battery powered thermostats on a network. (1216). Each
battery powered thermostat individually records events in a
respective event log corresponding to the one or more
operations and events occurring on a thermostat. In some
cases, the events may include sensor information provided
from humidity sensors, temperature sensors, passive inira-
red sensors, ambient light sensors, active proximity sensors
or other sensors incorporated into each thermostat. Event
logs may also include information describing current or
changed settings on a thermostat and the time stamp asso-
ciated with when these settings were changed.

As previously described, embodiments of the present
invention select a proxy reporting thermostat to represent the
other thermostats. (1218). In some embodiments, the proxy
reporting thermostat 1s selected based on having the highest
battery-level compared with the other battery powered ther-
mostats 1 the thermostat reporting group. For example,
thermostat 1204 1n FIG. 12 A has the highest charged battery
in the group and 1s thus selected as the proxy reporting
thermostat.

Over time, the proxy reporting thermostat gathers events
recorded from each of the thermostats 1n the thermostat
reporting group. (1220) Proxy reporting thermostat may
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collect these events from each thermostat in the thermostat
reporting group using a wireless ad-hoc connection or a
wireless connection made available through a network
access point or router. The proxy reporting thermostat gen-
crally continues to collect the data from the other thermo-
stats until storage on the proxy reporting thermostat 1s full or
has reached a maximum allocation for such logs. (1222) For
example, a thermostat may have allocated 500 megabytes
for storing the log information from multiple thermostats
betore triggering the upload process.

I1 the storage on the proxy reporting thermostat 1s full, one
embodiment of the proxy reporting thermostat establishes a
communication channel to a thermostat management system
to store the thermostat events. (1224) For example, this may
be connection over the Internet between the thermostat on a
private network and the thermostat management system.
Next, one embodiment uploads events gathered on the proxy
reporting thermostat over the communication channel to the
thermostat management system on behalf of the thermostats
in the thermostat reporting group. (1226) Once the data 1n
the common event log has been successiully uploaded,
embodiments of the present invention clear the storage area
on the proxy reporting thermostat of the events gathered
from the thermostat reporting group. (1228). This makes
way for storage of more events 1n the event log on the proxy
reporting thermostat.

In one embodiment, illustrated in FIG. 13, a network
communication module may selectively filter messages sent
from a server. In this embodiment, a cloud-based manage-
ment server 716 may send messages through a public
network 704. The messages may then be sent from the public
network 704 to a private network 702 that communicates
with a property controller, such as a thermostat. In some
embodiments, the property controller may communicate
with the private network 702 via a wireless access device
1302, such as a wireless router, an Internet hotspot, an ad
hoc broadcast network, and/or the like.

According to one embodiment, the wireless access device
1302 may comprise a router. Many routers used 1n residen-
tial locations include a NAT table that translates public
network addresses into private network addresses as
described previously herein. Recall that the NAT may be
flushed periodically by the router after a specified period of
nonuse. In one embodiment, keep alive messages may be
sent from the cloud-based management server 716 to the
property controller 1n order to keep an entry in the NAT
operation that 1s associated with the property controller.

According to one embodiment, the property controller
may be a thermostat 1320. The thermostat 1320 may
include, among other things, a Wi-F1 chip 1304 and a
thermostat processor 1316. The thermostat processor 1316
may operate i at least two different modes. A first mode
may be a low-power mode, or a sleep mode, where some of
the functions of the thermostat processor 1316 are not fully
operational 1n order to save power. A second mode may be
a high-power mode, or operational mode, where some of the
functions that were not fully operational in the low-power
mode are operational to a greater extent. In one embodiment,
a kernel 1312 (or other sub-components or sub-routines
having equivalent background significance) may run while
in the low-power mode, while an application 1314 may run
while 1n the high-power mode. In one embodiment, when
the thermostat processor 1316 1s operating 1n the low-power
mode, an mterrupt 1322 may be received on a designated
input of the thermostat processor 1316 to cause the thermo-
stat processor 1316 to transition from the low-power mode
to the high-power mode. In at least one embodiment, the
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thermostat processor 1316 may be implemented by the head
unit processor 304 of FIG. 3A. In another embodiment, the
thermostat processor 1316 may be mmplemented by the
backplate processor 316 of FIG. 3A, or by a combination of
the head unit processor 314 and the backplate processor 316.

In one embodiment, the Wi-Fi chip 1304 may include,
among other things, a radio 1306, a packet filtering function
1308, and a processor 1310. In one embodiment, the packet
filtering function 1308 1s operated on separate circuitry from
the processor 1310, while 1n another embodiment the packet
filtering function 1308 1s implemented using the processor
1310. The processor 1310, like the thermostat processor
1316, may operate in at least a high-power mode and a
low-power mode, possibly a sleep state and an operating
state. In order to save power, the Wi-F1 chip 1304 may
operate 1n a low-power state until messages are received
from the wireless access device 1302.

In one embodiment, when the radio 1306 receives a
message, 1t may pass the message to the packet filtering
function 1308 prior to waking up the processor 1310. The
packet filtering function 1308 may examine one or more
fields within the message to determine whether the processor
1310 should wake up. In some cases, the radio 1306 may
receive any messages that are electronically receivable by an
antenna 1330 communicatively coupled to the radio 1306.
The data filtering function 1308 may check the address of
the messages to determine whether or not they are intended
for the thermostat 1320. Messages that are not for the
thermostat 1320 may be discarded without waking the
processor 1310. Messages that are properly addressed to the
thermostat 1320 may require further processing.

In one embodiment, some of the messages properly
addressed to the thermostat 1320 may also be discarded 1n
a similar fashion to messages that were not properly
addressed to the thermostat 1320. For example, keep-alive
messages sent from the cloud-based management server 716
that are merely mtended to maintain an entry in the NAT of
the wireless access device 1302 may be discarded without
requiring additional processing. A keep-alive message will
generally be addressed to the thermostat 1320; however, the
packet filtering function 1308 may examine additional fields
in addition to the address fields of the message in order to
determine whether the message 1s a keep-alive message. In
one embodiment, a single bit may represent a flag signifying
a keep-alive message. If the packet filtering function 1308
determines that a message 1s not a keep-alive message and
1s properly addressed, the packet filtering function 1308 may
wake up the processor 1310 for further processing. In one
embodiment, the packet filtering function 1308 may be
implemented using a simple mask that 1s compared bit by bit
to one or more fields 1n a recerved message.

In one embodiment, the processor 1310 may examine one
or more fields within the message to determine whether 1t
should wake up the thermostat processor 1316. In some
cases, this may mean causing the thermostat processor to
transition from the low-power state to the high-power state
by sending an interrupt 1322. The processor 1310 may also
communicate with the thermostat processor 1316 via data
communication lines 1324. The data communication lines
1324 may be implemented using any data communication
protocol, such as SDIO, USB, I°C, RS-232, and/or the like.
In one embodiment, the processor 1310 may determine
whether the message contains mnformation of high thermo-
static importance or information critical to the operation of
the thermostat 1320. Messages of high thermostatic 1mpor-
tance may be passed to the thermostat processor 1320, while
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messages of low thermostatic importance may be discarded
and/or saved until the thermostat processor 1316 1s awak-
ened for other reasons.

In addition to discarding keep-alive messages, the packet
filtering function 1308 may additionally filter messages
based on the port number. For example, a plurality of
communication channel may be established, and the packet
filtering function 1308 may discard messages based on the
communication channel by which they were received. In
another embodiment, the packet filtering function 1308 may
pass these messages to the processor 1310, which may then
determine whether to discard the message based on the
communication channel by which 1t was received. In light of
this disclosure 1t will be understood that combinations of
these methods for preservmg power 1n the thermostat 1320
by selectively processing messages received from the wire-
less access device 1302 may be used depending on the
particular application. For example, keep alive messages
may be filtered, along with messages based on thermostatic
importance and/or messages based on port number.

FIG. 14 1llustrates a thermostat 1400 according to a
preferred embodiment, the thermostat 1400 comprising
selected feature combinations that have been found to be
particularly advantageous for the facilitation of do-it-your-
self thermostat 1nstallation, the accommodation of a variety
of different practical installation scenarios (including sce-
narios where a “C” power wire 1s not available), the provi-
sioning of relatively power-intensive advanced interfaces
and functionalities (e.g., a large visually pleasing electronic
display, a relatively powertul general purpose microproces-
sor, and a reliable Wi-F1 communications chip) even where
a “C” power wire 1s not available, the facilitation of opera-
tional robustness and durability, compact device size, qui-
etness of operation, and other advantageous characteristics
described 1n the instant disclosure and/or the commonly
assigned 1ncorporated applications. In the discussion that
tollows, the following HVAC wiring shorthand notations are
used: W (heat call relay wire); Y (cooling call relay wire);
Rh (heat call relay power); Rc (cooling call relay power); G
(fan call relay wire); O/B (heat pump call relay wire); AUX
(auxihary call relay wire); and C (common wire).

The Rh wire, which leads to one side of the HVAC power
transformer (or simply “HVAC transformer™) that 1s asso-
ciated with a heating call relay, can go by diflerent names 1n
the art, which can include heating call switch power wire,
heat call power return wire, heat return wire, return wire for
heating, or return for heating. The Rc wire, which leads to
one side of the HVAC transformer that 1s associated with a
cooling call relay, can likewise go by different names
including cooling call switch power wire, cooling call power
return wire, cooling return wire, return wire for cooling, or
return for cooling. In the case of single-HVAC-transformer
systems having both heating and cooling functions, 1t 1s one
and the same HVAC power transformer that 1s associated
with both the heating call relay and cooling call relay, and
in such cases there 1s just a single wire, usually labeled “R”,
leading back to one side of that HVAC transformer, which
likewise can go by different names 1n the art including call
switch power wire, call relay power wire, call power return
wire, power return wire, or simply return wire.

As 1llustrated generally i FIG. 14, the thermostat 1400
comprises a head unit 1402 and a backplate 1404. The
backplate 1404 comprises a plurality of FET switches 1406
used for carrying out the essential thermostat operations of

connecting or “shorting” one or more selected pairs of
HVAC wires together according to the desired HVAC opera-
tion. The details of FET switches 1406, each of which
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comprises a dual back-to-back FET configuration, can be
found elsewhere 1n the instant disclosure and/or in the
commonly assigned U.S. Ser. No. 13/034,674, supra. The
operation of each of the FET switches 1406 1s controlled by
a backplate microcontroller 1408 which can comprise, for
example, an MSP430 16-bit ultra-low power RISC mixed-
signal microprocessor available from Texas Instruments.
Thermostat 1400 further comprises powering circuitry
1410 that comprises components contained on both the
backplate 1404 and head unit 1402. Generally speaking, 1t 1s
the purpose of powering circuitry 1410 to extract electrical
operating power ifrom the HVAC wires and convert that
power 1nto a usable form for the many electrically-driven
components of the thermostat 1400. Thermostat 1400 fur-
ther comprises insertion sensing components 1412 config-
ured to provide automated mechanical and electrical sensing
regarding the HVAC wires that are inserted into the ther-
mostat 1400. Thermostat 1400 further comprises a relatively
high-power head unit microprocessor 1432, such as an
AM3703 Sitara ARM microprocessor available from Texas
Instruments, that provides the main general governance of
the operation of the thermostat 1400. Thermostat 1400
turther comprises head unit/backplate environmental sen-
sors 1434/1438 (e.g., temperature sensors, humidity sensors,
active IR motion sensors, passive IR motion sensors, ambi-
ent visible light sensors, accelerometers, ambient sound
sensors, ultrasonic/infrasonic sound sensors, etc.), as well as
other components 1436 (e.g., electronic display devices and
circuitry, user interface devices and circuitry, wired com-
munications circuitry, wireless communications circuitry
such as Wi-F1 and/or ZigBee chips) that are operatively
coupled to the head umt microprocessor 1432 and/or back-
plate microprocessor 1408 and collectively configured to
provide the functionalities described 1n the mstant disclosure
and/or the commonly assigned incorporated applications.
The insertion sensing components 1412 include a plural-
ity of HVAC wiring connectors 1414, each containing an
internal springable mechanical assembly that, responsive to
the mechanical 1nsertion of a physical wire thereimnto, waill
mechanically cause an opening or closing of one or more
dedicated electrical switches associated therewith. Exem-
plary configurations for each of the HVAC wiring connec-
tors 1414 can be found 1n the commonly assigned U.S. Ser.
No. 13/034,666, supra. With respect to the HVAC wiring
connectors 1414 that are dedicated to the C, W, Y, Rc, and
Rh terminals, those dedicated electrical switches are, 1n turn,
networked together 1n a manner that yields the results that
are 1llustrated 1n FIG. 14 by the blocks 1416 and 1418. For
clanity of presentation in FIG. 14, the block 1416 1s shown
as being coupled to the internal sensing components 1412 by
virtue of double lines termed “mechanical causation,” for the
purpose of denoting that the output of block 1416 1s dictated
solely by virtue of the particular combination of HVAC
wiring connectors 1414 ito which wires have been
mechanically mserted. More specifically, the output of block
1416, which 1s provided at a node 1419, 1s dictated solely by
virtue of the particular combination of C, W, and Y connec-
tors 1nto which wires have been mechanically inserted. Still
more specifically, the output of block 1416 at node 1419 1s
provided in accordance with the following rules: 1f a wire 1s
inserted 1into the C connector, then the node 1419 becomes

the C node regardless of whether there are any wires mserted
into the Y or W connectors; 1f no wire 1s inserted into the C

connector and a wire 1s 1nserted into the Y connector, then

the node 1419 becomes the Y node regardless of whether
there 1s a wire inserted into the W connector; and 11 no wire
1s 1nserted 1nto either of the C or Y connectors, then the node
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1419 becomes the W node. Exemplary configurations for
achieving the functionality of block 1416 (as combined with
components 1412 and wiring connectors 1414) can be found
clsewhere 1n the stant disclosure and/or 1n the commonly
assigned U.S. Ser. No. 13/034,678, supra. It 1s to be appre-
ciated that, although mechanical causation for achieving the
functionality of block 1416 (as combined with components
1412 and wiring connectors 1414) has been found to be
particularly advantageous for simplicity and do-it-yourself
(“DIY”) foolproofing, in other embodiments there can be
similar functionalities carried out electrically, magnetically,
optically, electro-optically, electro-mechanically, etc. with-
out departing from the scope of the present teachings. Thus,
for example, similar results could be obtained by using
optically, electrically, and/or magnetically triggered wire
insertion sensing components that are coupled to relays or
clectronic switches that carry out the functionality of block
1416 (as combined with components 1412 and wiring con-
nectors 1414) without departing from the scope of the
present teachings.

Likewise, for clarity of presentation 1n FIG. 14, the block
1418 1s also shown as being coupled to the internal sensing
components 1412 by virtue of double lines termed
“mechanical causation,” for the purpose of denoting that 1ts
operation, which 1s either to short the Rc and Rh nodes
together or not to short the Rc and Rh nodes together, 1s
dictated solely by virtue of the particular combination of
HVAC wiring connectors 1414 into which wires have been
mechanically inserted. More specifically, whether the block
1418 will short, or not short, the Rc and Rh nodes together
1s dictated solely by virtue of the particular combination of
Rc and Rh connectors into which wires have been mechani-
cally mserted. Still more specifically, the block 1418 will
keep the Rc and Rh nodes shorted together, unless wires
have been inserted into both the Rc and Rh connectors, in
which case the block 1418 will not short the Rc and Rh
nodes together because a two-HVAC-transformer system 1s
present. Exemplary configurations for achieving the func-
tionality of block 1418 (as combined with components 1412
and wiring connectors 1414) can be found elsewhere 1n the
instant disclosure and/or 1n the commonly assigned U.S. Ser.
No. 13/034,674, supra. It 1s to be appreciated that, although
mechanical causation for achieving the functionality of
block 1418 (as combined with components 1412 and wiring
connectors 1414) has been found to be particularly advan-
tageous for simplicity and do-1t-yourself (“DIY ™) foolprooi-
ing, in other embodiments there can be similar functional-
ities carried out electrically, magnetically, optically, electro-
optically,  electro-mechanically, etc., 1n  different
combinations, without departing from the scope of the
present teachings. Thus, for example, similar results could
be obtained by using optically, electrically, and/or magneti-
cally triggered wire insertion sensing components that are
coupled to relays or electronic switches that carry out the
functionality of block 1418 (as combined with components
1412 and wiring connectors 1414) without departing from
the scope of the present teachings.

As 1llustrated 1n FIG. 14, the insertion sensing circuitry
1412 1s also configured to provide electrical insertion sens-
ing signals 1413 to other components of the thermostat
1400, such as the backplate microcontroller 1408. Prefer-
ably, for each of the respective HVAC wiring terminal 1414,
there 1s provided at least two signals 1n electrical form to the
microcontroller 1408, the first being a simple “open™ or
“short” signal that corresponds to the mechanical 1nsertion
of a wire, and the second being a voltage or other level signal
(1n analog form or, optionally, in digitized form) that rep-
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resents a sensed electrical signal at that terminal (as mea-
sured, for example, between that terminal and an internal
thermostat ground node). Exemplary configurations for pro-
viding the sensed voltage signal can be found elsewhere 1n
the 1nstant disclosure and/or 1n the commonly assigned U.S.
Ser. No. 13/034,674, supra. The first and second electrical
signals for each of the respective wiring terminals can
advantageously be used as a basis for basic “sanity check-
ing” to help detect and avoid erroneous wiring conditions.
For example, 1f there has been a wire mserted into the “C”
connector, then there should be a corresponding voltage
level signal sensed at the “C” terminal, and 11 that corre-
sponding voltage level signal 1s not present or 1s too low,
then an error condition 1s indicated because there should
always be a voltage coming from one side of the HVAC
power transformer (assuming that HVAC system power 1s
on, of course). As another example, 11 there has been a wire
iserted mnto the “O/B” connector (heat pump call relay
wire) but no wire has been 1nserted mto the “Y™ connector
(cooling call relay wire), then an error condition 1s indicated
because both of these wires are needed for proper heat pump
control. Exemplary ways for conveying proper and/or
improper wiring status information to the user can be found
clsewhere 1n the mstant disclosure and/or 1n the commonly
assigned U.S. Ser. No. 13/269,501, supra.

Basic operation of each of the FET switches 1406 1s
achieved by virtue of a respective control signal (OFF or
ON) provided by the backplate microcontroller 1408 that
causes the corresponding FE'T switch 1406 to “connect” or
“short” its respective HVAC lead inputs for an ON control
signal, and that causes the corresponding FET switch 1406
to “disconnect” or “leave open” or “open up” 1ts respective
HVAC lead inputs for an OFF control signal. For example,
the W-Rh FET switch keeps the W and Rh leads discon-
nected from each other unless there 1s an active heating call,
in which case the W-Rh FET switch shorts the W and Rh
leads together. As a further example, the Y-Rc FET switch
keeps the Y and Rc leads disconnected from each other
unless there 1s an active cooling call, 1n which case the Y-Rc
FET switch shorts the Y and Rc leads together. (There 1s one
exception to this basic operation for the particular case of
“active power stealing” that 1s discussed in more detail infra,
in which case the FET switch corresponding to the HVAC
lead from which power 1s being stolen 1s opened up for very
brief intervals during an active call involving that lead. Thus,
if power-stealing 1s being performed using the Y lead, then
during an active cooling call the Y-Rc FET switch 1s opened
up for very brief itervals from time to time, these brief
intervals being short enough such that the Y HVAC relay
does not un-trip.)

Advantageously, by virtue of the above-described opera-
tion of block 1418, 1t 1s automatically the case that for
single-transformer systems having only an “R” wire (rather
than separate Rc and Rh wires as would be present for
two-transformer systems), that “R” wire can be inserted 1nto
either of the Rc or Rh terminals, and the Rh-Rc¢ nodes will
be automatically shorted to form a single “R” node, as
needed for proper operation. In contrast, for dual-trans-
former systems, the mnsertion of two separate wires into the
respective Rc and Rh terminals will cause the Rh-Rc nodes
to remain disconnected to maintain two separate Rc and Rh
nodes, as needed for proper operation. The G-Rc FET switch
keeps the G and Rc leads disconnected from each other
unless there 1s an active fan call, in which case the G-Rc FET
switch shorts the G and Rc leads together (and, advanta-
geously, the proper connection will be achieved regardless
of whether the there 1s a single HVAC transformer or dual
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HVAC transformers because the Rc and Rh terminals will be
automatically shorted or 1solated accordingly). The AUX-Rh
FET switch keeps the AUX and Rh leads disconnected from
cach other unless there 1s an active AUX call, 1n which case
the AUX-Rh FET switch shorts the AUX and Rh leads
together (and, advantageously, the proper connection will be
achieved regardless of whether the there 1s a single HVAC
transformer or dual HVAC transformers because the Rc and
Rh terminals will be automatically shorted or 1solated
accordingly). For heat pump calls, the O/B-Rc FET switch
and Y-Rc FET switch are jointly operated according to the
required installation-dependent convention for forward or
reverse operation (for cooling or heating, respectively),
which convention can advantageously be determined auto-
matically (or semi-automatically using feedback from the
user) by the thermostat 1400 as described further in the
commonly assigned PCT/US12/30084, supra.

Referring now to the powering circuitry 1410 1n FIG. 14,
advantageously provided 1s a configuration that automati-
cally adapts to the powering situation presented to the
thermostat 1400 at the time of installation and thereafter in
a manner that has been found to provide a good combination
of robustness, adaptability, and foolprooiness. The powering
circuitry 1410 comprises a full-wave bridge rectifier 1420, a
storage and waveform-smoothing bridge output capacitor
1422 (which can be, for example, on the order of 30
microfarads), a buck regulator circuit 1424, a power-and-
battery (PAB) regulation circuit 1428, and a rechargeable
lithium-10n battery 1430. In conjunction with other control
circuitry including backplate power management circuitry
14277, head unit power management circuitry 1429, and the
microcontroller 1408, the powering circuitry 1410 1s con-
figured and adapted to have the characteristics and function-
ality described hereinbelow. Description of further details of
the powering circuitry 1410 and associated components can
be found elsewhere 1n the instant disclosure and/or in the
commonly assigned U.S. Ser. No. 13/034,678, supra, and
U.S. Ser. No. 13/267,871, supra.

By virtue of the configuration illustrated in FIG. 14, when
there 1s a “C” wire presented upon installation, the powering
circuitry 1410 operates as a relatively high-powered,
rechargeable-battery-assisted AC-to-DC converting power
supply. When there 1s not a “C” wire presented, the pow-
ering circuitry 1410 operates as a power-stealing, recharge-
able-battery-assisted AC-to-DC converting power supply.
As 1illustrated 1n FIG. 14, the powering circuitry 1410
generally serves to provide the voltage Vecec MAIN that 1s
used by the various electrical components of the thermostat
1400, and that 1n one embodiment will usually be about 4.0
volts. As used herein, “thermostat electrical power load”
refers to the power that 1s being consumed by the various
clectrical components of the thermostat 1400. Thus, the
general purpose of powering circuitry 1410 1s to judiciously
convert the 24 VAC presented between the input leads 1419
and 1417 to a steady 4.0 VDC output at the Vcc MAIN node
to supply the thermostat electrical power load. Details
relating to bootstrap circuitry (not shown), whose purpose 1s
to provide a kind of cruder, less well-regulated, lower-level
clectrical power that assists in device start-up and that can
act as a kind of short term safety net, are omitted from the
present discussion for purposes of clanty of description,
although turther information on such circuitry can be found
in U.S. Ser. No. 13/034,678, supra.

Operation of the powering circuitry 1410 for the case 1n
which the “C” wire 1s present 1s now described. Although the
powering circuitry 1410 may be referenced as a “power-
stealing” circuit in the general sense of the term, the mode
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ol operation for the case in which the “C” wire 1s present
does not constitute “power stealing” per se, because there 1s
no power being “stolen” from a wire that leads to an HVAC
call relay coil (or to the electronic equivalent of an HVAC
call relay coil for some newer HVAC systems). For the case
in which the “C” wire 1s present, there 1s no need to worry
about accidentally tripping (for inactive power stealing) or
untripping (for active power stealing) an HVAC call relay,
and therefore relatively large amounts of power can be
assumed to be available from the input at nodes 1419/1417.
When the 24 VAC 1nput voltage between nodes 1419 and
1417 1s rectified by the full-wave bridge rectifier 1420, a DC
voltage at node 1423 i1s present across the bridge output
capacitor 1422, and this DC voltage 1s converted by the buck
regulator 1424 to a relatively steady voltage, such as 4.45
volts, at node 1425, which provides an 1mput current IBP to
the power-and-battery (PAB) regulation circuit 1428.

The microcontroller 1408 controls the operation of the
powering circuitry 1410 at least by virtue of control leads
leading between the microcontroller 1408 and the PAB
regulation circuit 1428, which for one embodiment can
include an LTC4085-3 chip available from Linear Technolo-
gies Corporation. The LTC4085-3 1s a USB power manager
and Li-Ion/Polymer battery charger originally designed for
portable battery-powered applications. The PAB regulation
circuit 1428 provides the ability for the microcontroller 1408
to specily a maxaimum value I, ,(max) for the input current
I.». The PAB regulation circuit 1428 1s configured to keep
the input current at or below 1, ,(max), while also providing
a steady output voltage Vcc, such as 4.0 volts, while also
providing an output current Icc that 1s suflicient to satisty the
thermostat electrical power load, while also tending to the
charging of the rechargeable battery 1430 as needed when
excess power 1s available, and while also tending to the
proper discharging of the rechargeable battery 1430 as
needed when additional power (beyond what can be pro-
vided at the maximum 1nput current 1,,(max)) 1s needed to
satisty the thermostat electrical power load. If it 1s assumed
tor the sake of clarity of explanation that the voltages at the
respective input, output, and battery nodes of the PAB
regulation circuit 1428 are roughly equal, the functional
operation of the PAB regulation circuit 1428 can be sum-
marized by relationship 1,.=Icc+l; ,~ where 1t 1s the func-
tion of the PAB regulation circuit 1428 to ensure that 15,
remains below 1,,(max) at all times, while providing the
necessary load current Icc at the required output voltage Vcc
even for cases 1in which Icc 1s greater than I,.(max). The
PAB regulation circuit 1428 1s configured to achieve this
goal by regulating the value of 1, to charge the recharge-
able battery 1430 (I, ,,~0) when such charge 1s needed and
when Icc 1s less than 1, .(max), and by regulating the value
of I, to discharge the rechargeable battery 1430 (I ,,<0)
when Icc 1s greater than I -(max).

For one embodiment, for the case in which the “C” wire
1s present, the value of I;-(max) for the PAB regulation
circuit 1428 1s set to a relatively high current value, such as
100 mA, by the microcontroller 1408. Assuming a voltage of
about 4.45 volts at node 1425, this corresponds to a maxi-
mum output power from the buck regulator 1424 of about
445 mW. Advantageously, by virtue of the rechargeable
battery-assisted operation described above, the powering
circuitry 1410 can provide instantaneous thermostat electri-
cal power load levels higher than 445 mW on an as-needed
basis by discharging the rechargeable battery, and then can
recharge the rechargeable battery once the instantaneous
thermostat electrical power load goes back down. Generally
speaking, depending especially on the instantaneous power
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usage of the large Vlsually pleasing electronic display (when
activated by the user coming close or manipulating the user
interface), the high-powered microprocessor 1432 (when not
in sleep mode), and the Wi-F1 chip (when transmitting), the
instantaneous thermostat electrical power load can indeed
rise above 445 mW by up to several hundred additional
milliwatts. For preferred embodiments in which the
rechargeable battery 1430 has a capacity in the several
hundreds of milliamp-hours (mAh) at or near the nominal
Vcc voltage levels (e.g., 560 mAh at 3.7 volts), supplying
this amount of power 1s generally not problematic, even for
extended time periods (even perhaps up to an hour or more),
provided only that there are suflicient periods of lower-
power usage below 445 mW i which the rechargeable
battery 1430 can be recharged. The thermostat 1400 1s
configured such that this 1s easily the case, and indeed 1is
designed such that the average power consumption 1s below
a much lower threshold power than this, as discussed further
below 1n the context of “active power stealing.”

Operation of the powering circuitry 1410 for the case 1n
which the “C” wire 1s not present 1s now described. For such
case, 1 accordance with the above-described operation of
isertion sensing components/switches 1412/1416, 1t will be
the Y-lead that 1s connected to the node 1419 it a *“Y” wire
has been 1nserted, and 1t will otherwise be the W-lead that 1s
connected to the node 1419 11 no “Y™ wire has been 1nserted.
Stated differently, it will be the Y-lead from which “power
1s stolen” 1 a “Y” wire has been 1inserted, and 1t will
otherwise be the W-lead from which “power 1s stolen™ 1f no
“Y”” wire has been 1nserted. As used herein, “inactive power
stealing” refers to the power stealing that 1s performed
during periods in which there 1s no active call in place based
on the lead from which power 1s being stolen. Thus, for cases
where 1t 1s the “Y” lead from which power 1s stolen,
“inactive power stealing” refers to the power stealing that 1s
performed when there 1s no active cooling call in place. As
used herein, “active power stealing” refers to the power
stealing that 1s performed during periods in which there 1s an
active call i place based on the lead from which power 1s
being stolen. Thus, for cases where 1t 1s the “Y” lead from
which power 1s stolen, “active power stealing” refers to the
power stealing that i1s performed when there 1s an active
cooling call in place.

Operation of the powering circuitry 1410 for “inactive
power stealing” 1s now described. In the description that
follows 1t will be assumed that the “Y” wire has been
inserted and therefore that power 1s to be stolen from the
Y-lead, with it being understood that similar counterpart
operation based on the “W” lead applies 1f no “Y” wire has
been 1nserted and power 1s to be stolen from the W-lead.
During 1nactive power stealing, power 1s stolen from
between the “Y” wire that appears at node 1419 and the Rc
lead that appears at node 1417. As discussed previously, the
Rc lead will be automatically shorted to the Rh lead (to form
a single “R” lead) for a single-HVAC transformer system,
while the Rc lead will be automatically segregated from the
Rh lead for a dual-HVAC transformer system. In either case,
there will be a 24 VAC HVAC transformer voltage present
across nodes 1419/1417 when no cooling call 1s in place
(1.e., when the Y-Rc FET switch i1s open). For one embodi-
ment, the maximum current I, ,.(max) 1s set to a relatively
modest value, such as 20 mA, for the case of mactive power
stealing. Assuming a voltage of about 4.45 volts at node
1425, this corresponds to a maximum output power from the
buck regulator 1424 of about 90 mW. The power level of 90
mW has been found to be a generally “safe” power stealing
level for mmactive power stealing, where the term “safe’ 1s
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used to indicate that, at such power level, all or virtually all
HVAC cooling call relays that are istalled in most residen-
t1al and commercial HVAC systems will not accidentally trip
into an “on” state due to the current following through the
cooling call relay coil. During this time period, the PAB
regulator 1428 operates to discharge the battery 1430 during
any periods of operation 1 which the instantaneous ther-
mostat electrical power load rises above 90 mW, and to
recharge the battery (1if needed) when the instantaneous
thermostat electrical power load drops below 90 mW. Pro-
vided that the rechargeable battery 1430 1s selected to have
suflicient capacity (such as 560 mAh at 3.7 volts as dis-
cussed above), supplying power at above 90 mW (even
several hundred milliwatts more) 1s generally not problem-
atic even for extended time periods (even perhaps up to an
hour or more), provided only that there are suilicient periods
of lower-power usage below 90 mW i1n which the recharge-
able battery 1430 can be recharged. The thermostat 1400 1s
configured such that the average power consumption 1s well
below 90 mW, and indeed for some embodiments 1s even
below 10 mW on a long term time average.

According to one embodiment, the powering circuitry
1410 1s further monitored and controlled during inactive
power stealing by the microcontroller 1408 by virtue of
monitoring the voltage V 5, across the bridge output capaci-
tor 1422 at node 1423 that leads into the buck regulator
1424. For the embodiment of FIG. 14, the voltage VBR 1s
monitored directly by virtue of an analog to digital converter
(“ADC”) that 1s built into the microcontroller 1408. Accord-
ing to an embodiment, the voltage V,, across the bridge
output capacitor 1422 can be monitored, either on a one-time
basis, a periodic basis, or a continuous basis to assess a
general “strength” of the HVAC system with respect to the
power that can be safely provided during inactive power
stealing. This assessment can then be used to adjust a
determination for the maximum “safe” amount of power that
can be provided at the output of buck regulator 1424 during
inactive power stealing, which can 1n turn be implemented
by the microcontroller 1408 by setting the maximum input
current [,,(max) of the PAB regulator 1428 for inactive
power stealing. In one particularly advantageous embodi-
ment, at the outset of an inactive power stealing period
(either on a one-time basis after thermostat installation or on
ongoing basis as desired), the microcontroller 1408 1nitially
sets the maximum current I ;-(max) to zero and measures the
resultant voltage V ;.. This “open-circuit” value of V,, will
typically be, for example, somewhere around 30 volts. The
microcontroller 1408 then sets the maximum current 15,
(max) to 20 mA and measures the resultant voltage V.. If
the value of V5, when I, ,(max)=20 mA remains roughly the
same as 1ts open-circuit value (less than a predetermined
threshold difference, for example), then 1t 1s determined that
the HVAC system 1s “strong enough” at the Y-lead to
accommodate a higher value for the maximum current
I.-(max), and the microcontroller 1408 increases the maxi-
mum current I, ,(max) to 40 mA (corresponding to a maxi-
mum “saie” power stealing level of about 180 mW assuming,
4.45 volts). On the other hand, 1f the value of V,, when
I.-(max)=20 mA tends to sag relative to its open-circuit
value (greater than the predetermined threshold difference,
for example), then it 1s determined that the HVAC system 1s
not “strong enough” at the Y-lead to accommodate an
increased maximum current [, (max), and 1ts value will
remain fixed at 20 mA. Optionally, this process can be
repeated to further increase the maximum current I (max)
to successively higher levels, although care should be taken
to ensure by empirical testing with a target population of
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HVAC systems that the cooling call relay will not be tripped
at such higher levels during inactive power stealing. For one
embodiment, the process stops when 1,-(max)=40 mA, to
avoild accidental cooling call relay tripping across a very
large population of HVAC systems.

Operation of the powering circuitry 1410 for “‘active
power stealing” 1s now described. In the description that
follows 1t will be assumed that the “Y” wire has been
inserted and therefore that power 1s to be stolen from the
Y-lead, with it being understood that similar counterpart
operation based on the “W” lead applies 1f no “Y” wire has
been 1nserted. During an active cooling call, 1t 1s necessary
for current to be flowing through the HVAC cooling call
relay coil sutlicient to maintain the HVAC cooling call relay
in a “tripped” or ON state at all times during the active

cooling call. In the absence of power stealing, this would of
course be achieved by keeping the Y-Rc FET switch 1406 1n
ON state at all times to short the Y and Rc leads together. To
achieve active power stealing, the microcontroller 1408 1s
configured by virtue of circuitry denoted “PS MOD” to turn
the Y-Rc FET switch OFF for small periods of time during
the active cooling call, wherein the periods of time are small
enough such that the cooling call relay does not “un-trip”
into an OFF state, but wherein the periods of time are long
enough to allow inrush of current into the bridge rectifier
1420 to keep the bridge output capacitor 1422 to a reason-
ably acceptable operating level. For one embodiment, this 1s
achieved 1n a closed-loop fashion in which the microcon-
troller 1408 monitors the voltage V, at node 1423 and
actuates the signal Y-C'TL as necessary to keep the bridge
output capacitor 1422 charged. By way of example, during
active power stealing operation, the microcontroller 1408
will maintain the Y-Rc FET switch 1n an ON state while
monitoring the voltage V., until it drops below a certain
lower threshold, such as 8 volts. At this point 1n time, the
microcontroller 1408 will switch the Y-Rc FET switch into
an OFF state and maintain that OFF state while monitoring
the voltage V., which will rise as an inrush of rectified
current charges the bridge capacitor 1422. Then once the
voltage V 5 rises above a certain upper threshold, such as 10
volts, the microcontroller 1408 will turn the Y-Rc FET
switch back into 1n an ON state, and the process continues
throughout the active power stealing cycling. Although the
scope of the present teachings 1s not so limited, the micro-
controller 1408 1s preferably programmed to keep the maxi-
mum current I (max) to a relatively modest level, such as
20 mA (corresponding to a maximum “‘sale” power stealing
level of about 90 mW assuming 4.45 volts) throughout the
active power stealing cycle. The circuit elements are
designed and configured such that the ON-OFF cycling of
the Y-Rc FE'T switch occurs at a rate that 1s much higher than
60 Hz and generally has no phase relationship with the
HVAC power transformer, whereby the specter of problems
that might otherwise occur due to zero crossings of the 24
VAC voltage signal are avoided. By way of example and not
by way of lmitation, for some embodiments the time
interval required for charging the bridge output capacitor
1422 from the lower threshold of 8 volts to the upper
threshold of 10 volts will be on the order 10 to 100
microseconds, while the time that 1t takes the bridge output
capacitor 1422 to drain back down to the lower threshold of
8 volts will be on the order of 1 to 10 milliseconds. It has
been found that, advantageously, at these kinds of rates and
durations for the mtermittent “OFF” state of the Y-Rc FET
switch 1406, there are very few issues brought about by
accidental “un-tripping” of the HVAC cooling call relay
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during active power stealing across a wide population of
residential and commercial HVAC 1nstallations.

According to one embodiment, 1t has been found advan-
tageous to mtroduce a delay period, such as 60-90 seconds,
following the instantiation of an active cooling cycle before
instantiating the active power stealing process. This delay
period has been found useful 1n allowing many real-world
HVAC systems to reach a kind of “quiescent” operating state
in which they will be much less likely to accidentally un-trip
away Irom the active cooling cycle due to active power
stealing operation of the thermostat 1400. According to
another embodiment, 1t has been found further advantageous
to introduce another delay period, such as 60-90 seconds,
following the termination of an active cooling cycle before
instantiating the iactive power stealing process. This delay
pertod has likewise been found useful in allowing the
vartous HVAC systems to reach a quiescent state 1n which
accidental tripping back into an active cooling cycle 1is
avoided. Preferably, the microcontroller 1408 implements
the above-described mstantiation delays for both active and
inactive power stealing by setting the maximum current
I.-(max) to zero for the required delay period. In some
embodiments, the operation of the buck regulator circuit
1424 1s also shut down for approximately the first 10
seconds of the delay period to help ensure that the amount
of current being drawn by the powering circuitry 1410 1s
very small. Advantageously, the rechargeable-battery-as-
sisted architecture of the powering circuitry 1410 readily
accommodates the above-described instantiation delays in
that all of the required thermostat electrical power load can
be supplied by the rechargeable battery 1430 during each of
the delay periods.

While examples and embodiments have been described,
they should not serve to limit any aspect of the present
invention. Accordingly, various modifications may be made
without departing from the spirit and scope of the invention.
Indeed, various methods and system for communicating and
operating thermostats, HVACSs and other devices have been
provided vyet the methods and systems are meant to be
illustrative and not limiting as to the scope of the overall
invention. It 1s to be appreciated that the term thermostat, as
used hereinabove and hereinbelow, can include thermostats
having direct control wires to an HVAC system, and can
turther include thermostats that do not connect directly with
the HVAC system, but that sense an ambient temperature at
one location 1n an enclosure and cooperatively communicate
by wired or wireless data connections with a separate
thermostat unit located elsewhere 1n the enclosure, wherein
the separate thermostat unit does have direct control wires to
the HVAC system. Accordingly, the invention 1s not limited
to the above-described embodiments, but instead 1s defined
by the appended claims in light of theiwr full scope of
equivalents.

What 1s claimed 1s:

1. A system comprising;:

a plurality of control devices installed in different loca-
tions 1n an enclosure, wherein each of the plurality of
control devices communicates with each other on a
private wireless network, and wherein each of the
plurality of control devices comprises:
one or more sensors; and
one or more memory devices that log information

associated with the one or more sensors;

a {irst control device 1n the plurality of control devices that
1s selected as a proxy to gather data from each of the
other control devices 1n the plurality of control devices,
wherein the first control device comprises:
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a processor that 1s configured to:
operate 1n a first state or operate 1 a second state,
wherein operating 1n the second state uses more
power than operating in the first state;
receive the log imnformation from each of the other
control devices in the plurality of control devices
over the private wireless network;
cause the log information from each of the other
control devices in the plurality of control devices
to be stored as a group log; and
periodically cause the group log to be transmitted to
a device management server over a public net-
work:; and
a wireless communication module operatively coupled
to the processor and configured to:
establish and maintain wireless communications
with a router, including receiving transmissions
from the router on behalf of the plurality of control
devices:
process the transmissions from the router by dis-
criminating between a first type of transmission
and a second type of transmission, wherein:
the first type of transmission comprises keep-alive
messages associlated with a communication
channel between the device management server
and the first control device, wherein the device
management server initiates sending the keep-
alive messages according to a keep-alive inter-
val stored at the device management server, and
the second type of transmission comprises nfor-
mation associated with controlling an environ-
mental system;
in response to identifying a transmission ol the
second type during a time period in which the
processor 1s operating 1n the first state, cause the
processor to transition from the first state to the
second state:

whereby the processor can operate in the first state
for an extended period of time while a Natural
Address Translation (NAT) table entry in the
router that 1s associated with the communica-
tion channel between the processor and the
device management server remains maintained
during the extended period of time.

2. The system of claim 1, wherein the first control device
periodically transmits the group log to the device manage-
ment server through the router that bridges the private
wireless network and the public network.

3. The system of claim 2, wherein the NAT includes
entries for each of the plurality of control devices.

4. The system of claim 1, wherein the private wireless
network comprises an ad hoc, point-to-point wireless net-
work between the plurality of control devices.

5. The system of claim 1, wherein the private wireless
network comprises a home WikFi network that includes the
router.

6. The system of claam 1, wherein the private wireless
network uses a wireless protocol that 1s different from the
802.11 standard.

7. The system of claim 1, wherein each of the plurality of
control devices are paired with a same user account at the
device management server.

8. A control device comprising:

Oone Or more Sensors;

one or more processors; and

one or more memory devices comprising:
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log 1information associated with the one or more sen-
sors; and
instructions that, when executed by the one or more

processors, cause the one or more processors to

perform operations comprising:

operating 1n a {irst state or operating in a second
state, wherein operating 1n the second state uses
more power than operating in the first state;

determining or receiving a determination that the
control device 1s selected as a proxy to gather data
from other control devices 1n a plurality of control
devices that are installed 1n an enclosure and that
are in communication with the control device on a
private wireless network;

recerving log information from each of the plurality
of other control devices over the private network;

causing the log information from each of the plural-
ity ol other control devices to be stored with the
log information associated with the one or more
sensors as a group log; and

periodically causing the group log to be transmitted
to a device management server over a public
network; and

a wireless communication module operatively coupled to

the processor and configured to:
establish and maintain wireless communications with a
router, including receiving transmissions from the
router on behalf of the other control devices;
process the transmissions from the router by discrimi-
nating between a {first type of transmission and a
second type of transmission, wherein:
the first type of transmission comprises keep-alive
messages associated with a communication chan-
nel between the device management server and the
control device, wherein the device management
server mitiates sending the keep-alive messages
according to a keep-alive interval stored at the
device management server, and
the second type of transmission comprises mforma-
tion associated with controlling an environmental
system:
in response to 1dentifying a transmission of the second
type during a time period 1in which the processor 1s
operating in the first state, cause the processor to
transition from the first state to the second state;
whereby the processor can operate 1n the first state for
an extended period of time while a Natural Address
Translation (NAT) table entry in the router that 1s
associated with the communication channel between
the processor and the device management server
remains maintaimned during the extended period of
time.

9. The control device of claim 8, wherein the control
device and each of the plurality of control devices are
powered at least in part by batteries.

10. The control device of claim 9, wherein the control
device 1s selected as the proxy to gather data from each of
the plurality of other control devices based on a charge level
of the battery of the control device being higher than charge
levels of the batteries of the plurality of other control
devices.

11. The control device of claim 8, wherein the log
information from each of the plurality of other control
devices comprises sensor readings from the one or more
SEeNnsors.

12. The control device of claim 8, wherein the log
information from each of the plurality of other control
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devices comprises a plurality of entries, and wherein each of
the plurality of entries comprises:

a timestamp;

an event type;

a device ID; and

data content.

13. The control device of claim 8, wherein the one or more
sensors comprises a temperature sensor, a proximity sensor,
and an ambient light sensor.
14. The control device of claim 8, wherein the control
device comprises a thermostat.
15. A method of operating a control device, the method
comprising;
recerving, by one or more processors, readings from one
Or MOre sensors;

logging, by the one or more processors, log information
associated with the one or more sensors 1n one or more
memory devices;

determinming or receirving a determination, by the one or

more processors, that the control device 1s selected as
a proxy to gather data from each of a plurality of other
control devices that are installed 1n an enclosure and
that are 1n communication with the control device on a
private wireless network;

receiving, by the one or more processors, log information

from each of the plurality of other control devices over
the private network;

storing, by the one or more processors, the log informa-

tion from each of the plurality of other control devices
with the log information associated with the one or
more sensors as a group log in the one or more memory
devices:

periodically transmitting, by the one or more processors,

the group log to a device management server over a
public network;

establishing and maintaining wireless communications

with a router, including receiving transmissions from

the router on behalf of the plurality of control devices;

processing the transmissions from the router by discrimi-

nating between a first type of transmission and a second

type of transmission, wherein:

the first type of transmission comprises keep-alive
messages associated with a communication channel
between the device management server and the con-
trol device, wherein the device management server
imitiates sending the keep-alive messages according
to a keep-alive interval stored at the device manage-
ment server, and

the second type of transmission comprises information
associated with controlling an environmental sys-
fem;

in response to i1dentifying a transmission of the second

type during a time period in which the processor is

operating 1n a first state, transitioming from the first

state to a second state, wherein operating 1n the second

state uses more power than operating in the first state;

whereby the control device can operate 1n the first state
for an extended period of time while a Natural
Address Translation (NAT) table entry 1n the router
that 1s associated with the communication channel
between the processor and the device management
server remains maintained during the extended
period.

16. The method of claim 15, wherein the control device 1s
selected as the proxy to gather data from each of the plurality
of other control devices based on a charge level of a battery
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of the control device being higher than charge levels of
batteries of the plurality of other control devices.

17. The method of claim 15, further comprising clearing
the one or more memory devices of the group log after
transmitting the group log to the device management server. 53

18. The method of claim 15, whereimn the group log is
transmitted to the device management server at the expira-
tion of a predetermined time nterval.

19. The method of claim 15, wherein the group log 1is
transmitted to the device management server when a size ol 10
the group log reaches a predetermined maximum threshold.

20. The method of claim 15, further comprising:

determining or receiving a determination that a charge

level of a battery of a second control device in the
plurality of other control devices has become higher 15
than a battery level of the control device; and
determining or receiving a determination that the second
control device will replace the control device as the
proxy to gather data from each of the plurality of other
control devices. 20
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